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MIL-STD-461D

FOREWORD
1. This military standard is aBproved for use by all
Departments and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions)
and any pertinent data which may be of use iIn improving this
document should be addressed to: Commander, Space and Naval
Warfare Systems Command, Attn: SPAWAR 2243, Washington, DC,
20363-5100, by using the self-addressed Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this

document or by letter.

3. The stated requirements represent the minimum considered
necessary to provide reasonable confidence that a particular
subsystem or equipment complying with these requirements will
function within their designated design tolerances when operating
in their intended electromagnetic environment. Test methods to
be used to demonstrate compliance to this document are contained

in MIL-STD-462.

4. Substantial changes have been made from previous editions.
Some requirements have been eliminated, others significantly
changed, and new requirements added. _An appendix has been
introduced which provides the rationale and background for each

paragraph.

S. The requirements contained in this document may be tailored
by the procuring activity for each application and intended
operational Electromagnetic Environment (EME).

6. A joint committee consisting of representatives of the Army,
Ailr Force, Navy, and Industry prepared this document.
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MIL-STD-461D

1. SCOPE

1.1 Purpose. This standard establishes the design
requirements for the control of the electromagnetic emission and
susceptibility characteristics of electronic, electrical, and
electromechanical equipment and subs¥stems deS|gned or procured
for use by activities and agencies of the Department of Defense.
Such equipment and subsystems may be used |ndependently or as an
integral part of other subsystems or systems. Data item
requirements are also included.

1.2 Application.

1.2.1 General applicability. The applicability of the
emission and susceptibility requirements i1s dependent upon the
types of equipment or subsystems and their intended installations
as specified herein,

1.2.2 Tailorins of regquirements. Application-specific
environmental criteria may be derived from operational and
engineering analyses on equipment or subsystems being procured
for use iIn specific systems or platforms. When analyses reveal
that the requirements in this standard are not appropriate for
that procurement, the requirements may be tailored and
incorporated into the request-for-proposal, specification,
contract, order, and so forth.

1.3 Emission and_susceptibility designations. The
emissions and susceptibility requirements i1n this standard and
corresponding test methods of MIL-STD-462 are designated in
accordance with an alpha-numeric coding system. Each method is
identified by a two letter combination followed by a three digit
number. The number is for reference purposes only. The meaning
of the individual letters are as follows:

C = Conducted
R = Radiated
E = Emission
S = Susceptibility
a. Conducted emissions tests are designated by "CE-—-."

b. Radiated emissions tests are designated by "RE---.

c. Conducted susceptibility tests are designated by "cs---."
d. Radiated suscentibility test are designated by "RS---."

e. "--=" = numerical order of test from 101 to 199.

$d
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2. APPLICABLE DOCUMENTS
- 2.1 Government documents.

2.1.1 Specifications., standards., and handbooks. The
following specifications, standards, and handbooks form a part of
this document to the extent specified herein. Unless otherwise
specified, the issues of these documents are those listed In the
issue of the-Department of Defense Index of Specifications and
Standards (DODISS) and supplement thereto, cited iIn the
solicitation (see 6.2).

STANDARD
MILITARY

MIL-STD-462 - Measurement of Electromagnetic
Interference Characteristics

(Unless otherwise indicated, copies of federal and military
specifications, standards, and handbooks are available from the
Naval Publications and Forms Center, ATTN: NPODS, 700 Robbins
Avenue, Philadelphia, PA 19111-5093.)

2.1.2 QOther Government documents. drawings, and
publications. The TfTollowing other Government documents,
drawings, and publications form a part of this document to the
extent specified herein. Unless otherwise specified, the issues
are those cited in the solicitation.

DODISS Department of Defense
I ndex of Specifications
and Standards

DOD Federal Acquisition - Data Requirements.
Regulation Supplement,

Part 27

DOD 5010.12-L DOD Acquisition

Management Systems and
Data Requirement Control
List (AMSDL).

DOD 5000.37-M DOD Non Developmental
Items Acquisition Manual

(Copies of the DOD 5010.12-L on a subscription basis and DOD
500C.27M are azvailzble from tne Commancine Cfficer, Naval
Publications ana Fornms Center, 700 Robbins Avenue, Phil adel phia

PA 19111-5093. Copies of the DOD Federal Acquisition Regulation

1394
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Suppl ements are available from the Superintendent of Documents,
U.S. Governnent Printing Ofice, Washington, DC 20402-0001.
Copi es of DODISS are avallable on a yearly subscription basis
either fromthe Governnent Printing Ofice for hard copy, or

m crofiche copies are available fromthe Director, Nav
Publications and Printing Service Ofice, 700 Robbins Avenue,
Phi | adel phia, PA 19111-5093.)

2.2 Non-Government publications. The follow ng docunents
forma part of this docunment to the extent specified herein,
Unl ess otherw se specified, the issues of the docunents which are
DOD adopted are those listed in the issue of the DODISS cited in
the solicitation. Unless otherwi se specified, the issues of
documents not listed in the DODISS are the issues of the
docunents cited in the solicitation (see 6.2).

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI (C63. 14 Standard Dictionary for
Technol ogi es of S
El ectromagnetic Conpatibility
(EMC) , El ectromagnetic Pul se
(EMP), and El ectrostatic
D scharge (EsD).

ANSI / | EEE 268 - Metric Practice. (DOD adopted)

~ (Application for copies should be addressed to the |EEE
Service nter, 445 Hoes Lane, PO Box 1331, Piscataway, NJ
08855-1331.)

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM E 380 Standard for Metric Practice
(DOD adopt ed)

_ (Aﬁplicatiqn for copies should be addressed to the Anmerican
Society for Testing and Materials, 1916 Race Street,

Phi | adel phia, PA 19103~1187.)

(Non-governnment standards are generally available for
reference fromlibraries. They are also distributed anong non-
government standards bodi es and using Federal agencies.)

2.3 Oder of Precedence. In the event of a conflict
between the text of this standard and the references cited
herein, the text of this standard shall take precedence. Nothing
in this document, however, superseaes applicacle laws and

-l & o

-

regul ations unless a specific exenption has been obtained.
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3. DEFINITIONS -
3.1 General. The terms used in this standard are defined
in ANSI C63.14. In addition, -the following definitions are
applicable for the purpose of this standard.

3.2 Acronvms used iIn this standard.

a. AsSw - Anti-submarine Warfare

b. EMC - Electromagnetic Compatibility

c. EME - Electromagnetic Environment

d. EM - Electromagnetic Interference

e. EMICP - Electromagnetic Interference Control
Procedures

f. EMITP - Electromagnetic Interference Test Procedures

g. EMITR - Electromagnetic Interference Test Report

h. EUT - Equipment Under Test

1. GFE - Government Furnished Equipment

j. ISM - Industrial, Scientific and Medical

k. NDI - Non-Developmental Item

1. RMS - Root Mean Square

3.3 Above deck. aAn area on ships which is generally in the
open air.

3.4 Below deck. An area on ships which is surrounded by a
metallic structure, or an area which provides significant
attenuation to electromagnetic radiation, such as the metal hull
or superstructure of a surface ship, the hull of a submarine and
the screened rooms in non-metallic ships.

3.5 External installation. An equipment location on a
platform which 1s exposed to the external electromagnetic
environment, such as an aircraft cockpit which does not use
electrically conductive treatnents on the canopy or w ndscreen.

< s I l

~ - o

i -line e v ment. Any support equipnent that is
attached to o

Used next to an aircraft during pre-flight or

ah
T
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post-flight operations, such as uploading or downloading data,
maintenance diagnostics, or equipment functional testing.

3.7 Internal installation. An equipment location on a
platform which is totally inside an electrically conductive
structgre, such as a typical avionics bay in an aluminum skin
aircraft. . -

3.8 Metric units. Metric units are a system of basic _
measures which are defined by the International System of Units
based on_ "Le System International d’Unites (SI)”, of the
International Bureau of Weights and Measures. These units are
described in ASTM E 380 and ANSI/IEEE 268.

3.9 Non-develoomental item. Non-developmental item is a
broad, generic term that covers material avalPable from a wide
variety of sources with little or no development effort required
by the Government.

. 3.10 safetv critical. A category of subsystems and
equipment whose degraded performancé could result in loss of life
or loss of vehicle or platform.

"
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4. GENERAL  REQUIREMENTS

4.1 General. Electronic; electrical, and electromechanical
equipment and subsystems shall comply with the applicable
requirements in 4.2 through 4.8. The requirements are in
addition to the applicable emission and susceptibility
requirements defined in other portions of this standard.

4.2 Joint vprocurement. Equipment or subsystems procured by
one DOD activity for multi-agency use shall comply with the
requirements of the user agencies.

4.3 Filtering (Navv only). The use of line-to-ground
filters for EM1 control shall be minimized. Such filters
establish low impedance paths for structure (common-mode)
currents through the ground plane and can be a major cause of
interference iIn sYstems, platforms, or installations because the
currents can couple into other equipnent using the same ground
plane. If such a filter nust be enployed, the |ine-to-ground
capaci tance for each |line shall not exceed 0.1 mcrofarads (ur)
for 60 Hertz (Hz) equi pment or 0.02 urF for 400 Hz equipnent. For
submari ne DC-powered equi prent and aircraft DC powered equi pnent,
the filter capacitance from each line-to-ground at the user
interface shall not exceed 0.075 ufF/kw of connected |oad. For
| oads less than 0.5 kw, the filter capacitance shall not exceed
0.03 wr. The filtering enployed shall be fully described in the
equi pment or subsystemtechnical manual and the El ectromagnetic..
| nterference Control Procedures (EMICP) (See 6.3).

4.4 self-compatibility. The operational perfornmance of an
equi pment or subsystem shall not be degraded, nor shall it
mal function when all of the units or devices in the equiprment or
subsystem are operating together at their designed |evels of
efficiency or their design capability.

_ 4.5 Non-DeveloPmental ltems (NDI). |n_accordance with the
guidance provided by DOD 5 .3/-M, the requirements of this
standard shall be net when applicable and warranted by the
intended installation and platform requirenents.

4.5.1 Commercial off-the-shelf equipment.

4.5.1.1 Selected by contractor. Wwen it is denonstrated
that a commrercial i1tem selected by the contractor is responsible
for equipnent or subsystens failing to neet the contractual EM1
requi renents, either the comrercial item shall be nodified or
repl aced or interference suppression neasures shall be enpl oyed,
so that the eguipment or subsvstems neet the contractualEMI
requirenents.
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4.5.1.2 Specified bv procuring activity. Wen it is

denonstrated by the contractor that a commercial item specified
by the procuring activity for use in an equi pnment or subsystemis
responsible for failure of the equipment or subsystemto neet its
contractual EML requirenents, the data indicating such failure
shall be included in the Electromagnetic Interference Test Report
(EMITR) (See 6.3). No modification or replacement shall be made
unless authorized by the procuring activity.

4.5.2 Procurement of equipment Or subsvstems having met
pther EMI recquirements._ Procurenent of equipment and _subsystems
electrically and mechanically identical to those previously
procured byactivities of or other Federal agencies, or their
contractors, shall meet the EMI requirenments and associated

limits, as applicable in the earlier procurement, unless
otherwise specified by the Command or agency concerned.

4.6 CGovernment Furnished Eguignent (GEE) . Wen it is
denonstrated by the contractor that a GFE IS responsible for
failure of an equi pnment or subsystemto neet its contractual EM
requi renents, the data |nd|cat|n?_such failure shall be included
inthe EMTR (See 6.3). No nodification shall be made unless
aut horized by the procuring activity.

4.7 Testina regU|renents. The testing requirements and
procedur es of MXL- 62 shall be used to determ ne conpliance
with the applicable em ssion and susceptibility requirements of
this standard. Data gathered as a result of performng tests in
one el ectromagnetic discipline may be sufficient to satisfy
requirements in another.  Therefore, to avoid unnecessary
duplication, a single test program should be established with
tests for simlar requirements conducted concurrently whenever
possi bl e. Equi prent that are intended to be operated as a
subsystem shal|l be tested as such to the applicable em ssion and
susceptibility requirements whenever practical. Formal testing
is not to comrence wi thout approval of the El ectromagnetic
| nterference Test Procedures (EMITP) (See 6.3) by the Conmmand or

agency concer ned.

4.8 Swtching transients. Switching transient em ssions
t hat result at the moment of operation of manually actuated
switching functions are exenpt fromthe requirements of this
standard. Oher transient type conditions, such as automatic
sequencing following initiation by a manual swtching function,
shall neet the em ssions requirenents of this standard.

<
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5. DETAILED REQUIREMENTS .

5.1 General. Table I is a list of emissions and
susceptibility requirements established by this standard. _
General test methods for these requirements are contained 1iIn
MIL-STD-462 as implemented by the Government approved EMITP (See
6.3). All results of tests performed to demonstrate compliance
with the requirements are to be documented in the EMITR $See_6-3)
and forwarded to the Command or agency concerned for evaluation
prior to acceptance of the equipment or subsystem. Design
procedures _and techniques for the control of EM1 shall be
described in the EMICP (See 6.3). Approval of design procedures
and techniques described in_the EMICP does not relieve the
supplier of the responsibility of meeting the contractual
emission, susceptibility, and design requirements.
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TABLE 1. Emission and susceptibility requirements.

N

Requirement Description

CE101 Conducted Emissions, Power Leads, 30 Hz to
10 xHz

CE102 Conducted Emissions, Power Leads, 10 kHz to
10 MHZ

CE106 , Conducted Emissions, Antenna Terminal, 10 kHz
to 40 GHz

Cs101 Conducted Susceptibility, Power Leads, 30 Hz to
50 kHz

Cs103 Conducted Susceptibility, Antenna Port,
Intermodulation, 15 kHz to 10 GHz

CS104 Conducted Susceptibility, Antenna Port,
-Rejection of Undesired Signals, 30 Hz to 20 GHz

CS105 Conducted Susceptibility, Antenna Port,
Cross-Modulation, 30 Hz to 20 GHz

CS109 Conducted Susceptibility, Structure Current,
60 Hz to 100 kHz

csll4 Conducted Susceptibility, Bulk Cable Injection,
10 xHz to 400 MHz

Cs115 Conducted Susceptibility, Bulk Cable Injection,
Impulse Excitation

Csl1le6 Conducted Susceptibility, Damped Sinusoidal
Transients, Cables and Power Leads, 10 kHz to
100 MHz

RE101 Radiated Emissions, Magnetic Field, 30 Hz to
100 kRz

RE102 Radiated Emissions, Electric Field, 10 kHz to
18 GHz

RE103 Radiated Emissions, Antenna Spurious and
Harmonic Outputs, 10 kHz to 40 GHz

RS101 Radiated Susceptibility, Magnetic Field, 30 Hz
TO 100 kHz

RS103 Radiated Susceptibility, Electric Field, 10 kHz
to 40 GHz

ﬁ RS105 Radiated Susceptibility, Transient
: Blectromagnetic Field
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5.1.1 Units of freaquency domain ‘measurements. All

frequency domain Timits are expressed in terms of equivalent Root

Mean Square (RMS) value of a sine wave as would be indicated by
the output of a measurement receiver using peak- envelope

detection.

5.2 EMI control recuirements versus intended”installations.
Table 11 summarizes the requirements Tor equipment and subsystems
intended to be installed in, on, or launched from various
military platforms or installations. When an equipment or
subsystem Is to be "installed in_more than one type of platform or
installation, 1t shall comply_thh the most stringent of the
applicable requirements and limits. An "a" entry in the table
means the requirement is applicable. An "L" entry means the
applicability of the requirement is limited as specified in the
appropriate requirement paragraphs of this standard; the limits
are contained herein. An_"s”™ entry means the procuring activity
must specify the applicability and limit requirements in the
procurement specification. Absence of an entry means the
requirement is not applicable.

TABLE 11. Requirement matrix.

Equipment and Subsystems Requirement Applicability
Installed In, On, or

Launched From thk
Following Platforms or !
Installations

STISD

60150
e > 191180
Ll kel RO
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5.3 Emission and susceptibility requirements and limits.

5.3.1 CEIOl (Conducted emissions, Power leads, 30 Hz to
10 kHz) .

5.3.1.1 CEIOI applicabilitv. This requirement is
applicable as follows for power leads, iIncluding returns, that
obtain power from other sources not part of the EUT.

a. Not applicable . . . . Ailr Force
b. AC leads only .... Ships

c. AC and DC leads ... Submarines, Army Aircraft+
(including flight line) and Navy
Al recraft>

*For equipment intended to be installed on Navy aircraft,
this requirement is applicable only for aircraft with Anti-
Submarine Warfare (ASW) capability.

TFor AC applications, this requirement is applicable
starting at the second harmonic of the EUT power frequency.

5.3.1.2 CEIOl limits. Conducted emissions on power leads
shall not exceed the applicable values shown on Figures CE101-1
thfough CE101-3, as appropriate, for ships and submarines and
Figure CE101-4 for Army aircraft (including flight line) and Navy
ASW aircraft.

5.3.2 CE102 (Conducted emissions, Power leads, 10 kHz to
10 MHz).

5.3.2.1 CE102 applicabilitv. This requirement is
applicable from 10 kHz to 10 MHz for all power leads, including
returns, that obtain power from other sources not part of the
EUT.

5.3.2.2 CE102 limits. Conducted emissions on power leads
shall not exceed the applicable values shown on Figure CE102-1.

5.3.3 CE106 (Conducted emissions, antenna terminal, 10 kHz
to 40 GHz) .

5.3.3.1 CE106 aoolicabilitv. This requirement is
applicable to the antenna terminals of transmitters and
receivers. The requirement is not applicable to equipment
designed to operate intc & non-removable antennha. The
transmitter (transmit mode) portion of this requirement is not
applicable within either the EUT necessary bandwidth or +5

il
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percent of the fundamental frequency. Depending on the operating
frequency range of the EUT, the start frequency of the test is as

follows:

Operating Frequency Range (EUT) Start Frequency of Test
10 kHz toO 3MHz . . . . . .+ . o . 10 kHz
3 MHz to 300 MHZ.  ........ 100 kHz
300 MHZ to 3GHZ . . . .« . . . . . 1 MHz
3GHzto 40 GHzZ . . +. ¢« ¢« o o « & 10 MHz

The end frequency of the test is 40 GHz or _twenty times the
highest generated or received frequency within the EUT, whichever
is less. For equipment using waveguide, the requirement does not
apply below eight-tenths of the waveguide’s cutoff frequency.
Requirement RE103 may be used as an alternative for CE106 for
testing transmitters with their operational antennas.

5.3.3.2 CE106_ limits. Conducted emissions at the EUT
antenna terminal shall not exceed the values given below.

a. Receilvers: 34 dBuv
b. Transmitters (standby mode): 34 dBuv

c. Transmitters (transmit mode): Harmonics, except the
second and third, and all other spurious emissions shall
be at least 80 dB down from the level at the
fundamental. The second and third harmonics shall be
suppressed 50 + 10 log p (where p = peak power output in
watts, at the fundamental) or 80 dB, whichever requires
less suppression.

5.3.4 Cs101 (Conducted susceptibility, Power leads, 30 Hz
to 50 kHz).

5.3.4.1 csi101 licability. This requirement is
applicable to equipment and subsystem AC and DC input power
leads, not including returns. If the EUT is DC operated, this
requirement is applicable over the frequency range of 30 Hz to
50 kHz. If the EUT is AC operated, this requirement is
applicable starting from the second harmonic of the EUT power

frequency and extending to 50 kHz.

5.3.4.2 C210: limit. The EUT shall NOl exnibit any

malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the

12
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individual equipment or subsystem specification, when subjected
to a test signal with levels as specified in Figure CS101-1. The
requirement i1s also met under the following condition: when the
power source specified iIn MIL-STD-462, adjusted to dissipate 80
watts 1n a 0.5 ohm load, cannot develop the required voltage at
the EUT power input terminals, and the EUT is not susceptible to

the output of the signal source.

5.3.5 CS103 (Conacted s uscepibilityv, antenna port,
intermodulation. 15 kHz to 10 GHz).

5.3.5.1 ¢S103 applicabilitv. This receiver front-end
susceptibility requirement 1s applicable to equipment and
subsystems, such as communications receivers, RF amplifiers,
transceivers, radar receivers, acoustic receivers, and electronic
warfare receivers as specified in the individual procurement

specification.

5.3.5.2 CS103 limit. The EUT shall not exhibit any
intermodulation products beyond specified tolerances when
subjected to the limit requirement provided in the individual

procurement specification.

5.3.6 CS104 (Conducted susceotibilitv. antenna port,
rejection of undesired sisnals. 30 Hz to 20 GHz).

5.3.6.1 CS104 applicability. This receiver front-end
susceptibility requirement is applicable to equipment and
subsystems, such as communications receivers, RF amplifiers,
transceivers, radar receivers, acoustic receivers, and electronic
warfare receivers as specified in the individual procurement

specification.
5.3.6.2 Cs104 limit. The EUT shall not exhibit any

undesired response beyond specified tolerances when subjected to
the limit requirement provided in the individual procurement

specification.

5.3.7 C8105 (Conducted susceotibilitv, antenna port, cross
modullation. 30 Hz to 20 GHz).

5.3.7-1 £S105 applicability. This receiver front-end
susceptibility requirement 1s applicable only to receivers that
normally process amplitude-modulated RF signals, as specified in
the 1i1ndividual procurement specification.

5.3.7.2 Csi05 limit. The EUT shall not exhibit any
undesired response, due to cross modulatior, bevond speclified
tol erances when subjected to the limt requirement provided in
the individual procurenent specification.

1
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5.3.8 CS109 Conducted suscentibilitv. structure current
60 Hz to 100 kHz) .

5.3.8.1 £S109 applicakility .This requirement is }
applicable to equipment and subsystems that have an operating
requency range of 100 kHz or less and an operating sensitivity
of 1 vV or less (such as 0.5 uv). Handheld equipment is exempt
from this requirement.

5.3.8.2 CS109 limit. The EUT shall not exhibit any
malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the
individual equipment or subsystem specification, when subjected
to the values shown on Figure CS109-1.

5.3.9 CS114 (Conducted susceptibility, bulk cable

injection, 10 kHz to 400 MHZz).

5.3.9.1 CS114 applicabilityv. This requirement is
applicable to all 1i1nterconnecting cables, including power cables.
The requirement i1s applicable to equipment and subsystems, based
on the i1ntended installation as follows:

a. 10 kHz to 2 MHz . . ail
b. 2 MHz to 30 MHZ. . all

C. 30 MHZ to 200 MHz.. aircraft (Air Force and Army);
space systems; and optional* for
all others

d. 200 MHz to 400 MHZ .. optional* for all
*Required only i1f specified iIn the procurement specification

5.3.9.2 CS114 limit. The EUT shall not exhibit any
malfunction, degradation of performance, or deviation from
specified indications beyond the tolerances indicated iIn the
individual equipment or subsystem specification, when subjected
to a test signal with calibration levels as shown in Figure
CS114-1. The appropriate limit curve iIn Figure CS114-1 shall be
selected from Table Ill. The requirements are also met if the
following currents are induced in the cable under test and the
EUT 1s not susceptible:

Curve 5: 115 dBpA
Curve 4: 103 dBMA
Curve 3: 95 dBuzr
Curve 2: 89 dBuA
Curve 1: 83 dBuA



TABLE III.

CS114 limit curves.

AR

LIMIT CURVE # FROM FIGURE C
o~ N

S114-1 I

KEY: A = Army
N = Navy

AF= Ajir Force

e
\ PLATFORM§ AIRCRAFT | AIRCRAFT | ALL SHIPS SHIPS SHIPS SUB- GROUND SPACE
(EXTERNAL| (INTERNAL) | (ABOVE (METALLIC) (NON- MARINES
OR SAFETY DECKS) (BELOW METALLIC)
FREQ. CRITICAL) DECKS) (BELOW
RANGE DECKS)
A 5 5 2 2 2 1 3 3
10 kHz
1 N § 5 3 2 2 2 1 2 3
A 3 - _ R R 2 3
A 5 5 5 2 4 1 4 3
2 MHz
1 N 5 5 5 2 4 1 2 3
30 Maz | 5 3 - - - - 2 3
A 5 5 5 2 2 1 4 3
30 MHz
l N - - 5 2 2 1 2 3
00
200 MHz | o0 5 3 - - - - 2 3
A 5 5 5 2 2 1 4 3
200 MHz
L N - - 5 2 2 1 2 3
400 MHz [~ ! 5 3 _ - - - 2 3
T T mm

di9y-aLS-TIN
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5.3.10 CS115 nduct ibili 1% 1
injection. impulse excitation).

5.3.10.1 CS115 applicability. This requirement is
applicable to all aircraft and space system interconnecting
cables, including power cables. The requirement is also
applicable for Army and Air Force ground subsystems and equipment
when specified by the procuring activity.

5.3.10.2 €s115 limit. The EUT shall not exhibit any
malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the
individual equipment or subsystems specification, when subjected
to a calibrated test signal as specified in Figure CS115-1 at a
30 Hz rate for one minute.

5.3.11 CS116 (Conducted susceptibility, damped sinusoidal
transients. cables and power leads, 10 kHz to 100 NHZ.

5.3.11.1 CS116 applicabilitv. This requirement is
applicable to all interconnecting cables, including power cables,
and individual power leads. Power returns need not be tested
individually. For Air Force ground subsystems and equipment,
this requirement is applicable only for power cables and
individual power leads. The requirement is also applicable for
Army ground subsystems and equipment, including flight line, when
specified by the procuring activity.

5.3.11.2 Ccs116 limit. The EUT shall not exhibit any
malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the
individual equipment or subsystem specification, when subjected
to a signal having the waveform shown in Figure CS116-1 and
having a maximum current as specified in Figure CS116-2. As a
minimum, compliance shall be demonstrated at the following
frequencies: .01, .1, 1, 10, 30, 100 MHz, and resonant
frequencies as determined in accordance with MIL-STD-462. he
test signal repetition rate shall be no greater than one pulse
per second and no less than one pulse every two seconds. The
pulses shall be applied for a period of five minutes.

5.3.12 RE101 (Radiated emissions, magnetic field, 30 Hz to
100 kHz) .

5.3.12.1 RE101 appolicabilitv. This requirement is
applicable for radiated emissions from equipment and subsystem
enclosures, and all interconnecting cables. The requirement does
not apply at telecommunication transmitter <fundamental
frequencies, but does apply to the operating frequencies of sonar
and industrial, scientific, and medical (ISM) subsystems and

16
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equi pnrent.  The requirenent does. not apply to radiation from
antennas. For Navy aircraft, this requirenent is applicable onfy
for aircraft with an ASW capability.

5.3.12.2 RE101 |imt. Magnetic field emssions shall not
be radiated in excess of the levels shown in Figures RE101-1 and
RE101-2 at the specified distances of 7 centimeters and 50
centineters.

5.3.13 RE102 (Radi ated em ssions. electric field, 10 xHz toO
18 GHz).

.5.3.13-1 RE102 applicabilitv. This requirenent is
applicable for Tadiated em ssions from equi pnent and subsystem

enclosures, and all interconnecting cables. The requirenment does
not apply at the transmtter fundanmental frequencies or to

gaFﬂatlon from antennas. The requirenent is applicable as
ol | ows:

a. Gound = L.l iiieee.. 2 Mz to 18 GHz*
b. Ships, surface . . . . . . . . . . 10 xHz to 18 GHz*
c. Submarines . . . . . . . . . . .. 10 xHz t0 1 GHz
d Aircraft (Any) . . . . . . . .. 10 kHz to0. 18 GHz
e. Arcraft (Air Force and Navy) .. 2 MHz to 18 GHz*
*Testing is required up to 1 GHz or 10 tines the highest
intentionally generated frequency within the EUT, i chever

Is greater. ~ Measurenments beyond 18 GHz are not required.

5.3.13.2 Re102 limts. Eectric field emssions shall not
be radiated in excess of those shown in Figures RE102-1 through
RE102-3. Above 30 MHz, the |limts shall be net for both
hori zontal ly and vertically polarized fields.

5.3.14 RE103 (Radi ated emi ssions. antenna spurious and
har noni ¢ outputs, 10 kHz 10 40 GHz).

5.3.14.1 RE103 applicability. This requirenent nay be used
as an alternative tor CEIOb when testing transmtters wth their
intended antennas. CE106 is the preferred requirenment unless the
equi pnent or subsystem design characteristics preclude its use.
The requirenent iS not appllcable within either the EUT necessary
bandwi dth or =5 percent of the fundanental frequency. Dependi ng
On the operatince fregquency range ¢ the EUT, the start f requency
of the test is as follows:

17
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Operating Freuuencv Range (EUT Start Frequency of Test
10 xHz tO 3MHZ . . . .« . . . 10 kHz
3 MHz to 300 MHz . . . . . . . . 100 xHz
300 MHz toO 3GHz . . . . . . . . 1 MHz
.3 GHzto 40 GHz . . . . . . . . 10 MHz

The end frequency of the test is 40 GHz or twenty times the
highest generated frequency within the EUT, whichever is less.
For equipment using waveguide, the requirement does not apply
below eight-tenths of the waveguide®s cutoff frequency.

~ 5.3.14.2 re103 limits. Harmonics, except the second and
third, and all-other spurious enissions shall be at |east 80 dB

down fromthe level at the fundamental. The second and thijrd
har noni cs shal |l be sugpressed 50 + 10 Iog p (where = peak power
output in watts, at the fundamental) or 80 4B, -whi chever requires

| ess suppression.

5.3.15 RSIAD (Radi ated susceptibility, magnetic field,
30 Hz to 100 kHz).

5.3.15.1 RSID aocolicabilitv. This requirenent is
applicable to eqU|€nent and subsystem encl osures, and all
i nterconnecting cables. The requirenent is not applicable for
el ectromagnetic coupling via antennas. For equipnent intended to
be installed on Navy aircraft, the requirenent is applicable only
to aircraft with ASWcapability. For Arny ground equipnent, the
requi rement is applicable only to vehicles having a minesweeping
or mine detection capability. The requirement is applicable for
Navy ground equi pment when specified by the procuring activity.

5.3.15.2 RSIA limt. The EUT shall not exhibit any
mal function, degradation of performance, or deviation from
speci fied indications, beyond the tolerances indicated in_ the
i ndi vi dual equi pnent or subsystem specification, when subjected
te the magnetic fields shown in Figures RS101-1 and RS101-2.

5.3.16 RS103 (Radi ated susceptibility, electric field,
10 kHz to 40 GHz).

5.3.16.1 RS103 aoolicabilitv. This requirenent is
applicable to equi pment and subsystem enclosures and all
interconnecting cables. The requirement is applicable as

%o
fcilowe:s
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a. 10 kHz to 2 MHz . . . Army aircraft, including flight
line; and optional* for all
others

b. 2MHzto 30 MHz. . . Army ships; Army aircraft,

including flight line; Navy; and
optional* for all others

c. 30 MHz to 1 GHz . . . all
d. 1 GHz to 18 GHz . . . all
e. 18 GHz to 40 GHz . . . optional* for all

*Required only if specified in the procurement specification

The requirement is not applicable at the tuned frequency of an
antenna-connected receiver unless otherwise specified by the
procuring activity.

5.3.16.2 RS103 limit. The EUT shall not exhibit any
malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the
individual equipment or subsystem specification, when subjected
to the radiated electric fields specified in Table 1V. up to
30 MHz, the requirement shall be met for vertically polarized
fields. Above 30 MHz, the requirement shall be met for both
horizontally and vertically polarized fields. Circular polarized
fields are not acceptable.

b2
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TABLE IV,

RS103 limits.

LIMIT LEVEL (VOLTS/METER)

T P — S
™~ PLATFORM{ AIRCRAFT | AIRCRAFT | ALL SHIPS| SHIPS SHIPS SUB-
(EXTERNAL| (INTERNAL) | (ABOVE (METALLIC) (NON- MARINES
. OR SAFETY DECKS) (BELOW METALLIC)
FREQ. CRITICAL) DECKS) (BELOW
PANGE DECKS)
A 200 200 10 10 10 5
10 kHz
d N 200 20 10 10 10 5
| 2™ LA | 200 20 - - - ~
A 200 200 200 10 S0 5
2 MHz
i N 200 200 200 10 50 5
30 MRz | g 200 20 - - - -
A 200 200 200 10 10 5
30 MHz
l N 200 200 200 10 10 5
1 GHz | ap 200 20 - - - -
A 200 200 200 10 10 s
1 GHz
{ N 200 200 200 10 10 5
18 Ghz | 0 200 60 - - - -
A 200 200 200 10 10 5
18 GHz
{ N 200 60 200 10 10 5
10 GHz | p 200 §0 - - - -
= A =
KEY: A = Army
N = Navy
AF= Air Force

dat9v-dlS-TIN
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5.3.17 Rrs105 (Radi ated susceptibilit t ransi ent
el ectronagnetic fie .

5.3.17-1 RS105 applicability. This requirenent is
applicable to equi pnent and subsystem encl osures when the
equi prent or subsystemis to be located external to a hardened
(shielded) platform or facility. The requirenment is apPllcabIe
for equipnent intended solely for use on non-netallic platforns
when specified by the procuring activity. The requirenment is
apgllcable to Arny aircraft for safety critical equipnent and
subsystens located in an external installation.

5.3.17.2 Rs105 |imt. The EUT shall not exhibit any
mal function, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the
i ndi vi dual equi pnent or subsystem specification, when subjected
to a test signal having the waveform and anplitude shown on
Fi gure Rs105-1. At least five pulses shall be applied at the
rate of not nore than one pul se per mnute.

N
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6. NOTES

(This section contains information of a general or
explanatory nature that may be helpful, but is not
mandatory.)

_ 6.1 Intended use. _This standard is intended for use in the
acquisition cycle of equipment and subsystems to specify the
electromagnetic emission and susceptibility requirements for the

control of EMI.

_6.2 Issue of DODISS. When this standard is used in_ i
acquisition, the applicable issue- of the DODISS must be cited in
the solicitation (see 2.1.1 and 2.2).

6.3 Data requirements. The following Data Item
Descriptions ZDlD'S§ must ée listed, as applicable, on the
Contract Data Requirements List (DD -Form 1423) when this standard

is applied on a contract, in order to obtain the data, except
where DOD FAR Supplement 27.475-1 exempts the requirement from a

DD Form 1423.

Referenced-. "~~~ DID Number DID Title
Paraqgraph
5.1 DI-EMCS-80199A Electromagnetic

Interference Control
Procedures (EMICP)

5.1 DI-EMCS-80201A Electromagnetic
Interference Test
Procedures (EMITI!?)

5.1 DI-EMCS-80200A Electromagnetic
Interference Test
Report (EMITR)

The above DID"s were those cleared as of the date of this
standard. The current issue of DOD 5010,12-L, Acquisition
Management Systems and Data Requirements Control List (AMSDL),
must be researched to ensure that only current, cleared DID"s are
cited on the DD Form 1423.
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6.4 Subject term (key word) listing.

EMC

EM1

Electromagnetic compatibility
Electromagnetic emission
Electromagnetic interference
Electromagnetic  susceptibility
Test Limits, EMI

Test Methods, EM1

6.5 International standardization acrreements Certain
provisions of this standard may be the subject of international
standardization agreements. When amendment, revision, or
cancellation of this standard i1s proposed which will modify the
international agreement concerned, the preparing activity will
take appropriate action through 1international standardization
channels, including departmental standardization offices to
change the agreement or make other appropriate accommodation.

6.6 Chanses from previous issue. Marginal notations are
not used in the revision to i1dentity changes with respect to the
previous 1issue due to the extensiveness of the changes.

6.7 Technical points of contact. Requests for additional
information or assistance on this standard can be obtained from

the following:

a. Commander, U.S. Army, CECOM
AMSEL-RD-C3-EM-F
Ft. Monmouth, NJ 07703--5203
DSN 995-4220; Commercial (908) 544-4220

b. Commander, Space and Naval Warfare Systems Command
SPAWAR 2243
Washington, DC 20363-5100
DSN 332-0559; Commercial (703) 602-4396

c. ASC/ENACE
Wright Patterson AFB, OH 45433-6503
DSN 785-5078; Commercial (513) 255-5078

Any i1nformation relating to Government contracts must be obtained
through contracting officers.
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NOTES: 1. Normalized waveform: e ™" Qsin(2rit)

Where:

f = Test frequency (Hz)

t = Time (sec)

Q = Damping factor, 15 £ 5

. Damping factor (Q) shall be determined as follows:

Q- TUN - 1)
In(I./1,)
Where:

Q = Damping factor
N = Cycle number (i.e. N =2, 3, 4,5,...)

I, =Peak current at 1 % cycle

I, = Peak current at N" cycle
In = Natural log

3. |, as per figure CS116-2

TIME

FIGURE CS116-1. Tvpical CSil6e damped sinusoidal waveform.

33



MIL-STD-461D

10 Ly
| |
Tux ==
a
—
0.1 Tyuax
0.01 I ux
Ik 10k 100k 1™ 10M 100M 1G
Frequency (Hz)
NOTE:
1. For Army and Navy procurements, Iyax = 10 amperes
2. For Air Force procurements, Iyax = 5 amperes
FIGURE CS5116-2. (CS116 limit for all avplizations.
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10.  GENERAL

10.1. Scope. This appendix provides background information
for each requirement in the main body of the standard. This
information includes rationale for requirements, guidance in
applying the requirements and lessons learned from platform
experience. This information should help users understand the
intent behind the requirements and should aid the procuring
activity in tallorln% requirements as necessary for particular
applications. This handbook is provided for guidance purposes
and, as such, should not be interpreted as providing contractual

requirements.

10.2 “Structu This appendix follows the same general
format as the main %ody of thémgtanQard- A "DISCUSSIO%"

paragraph is provided for each requirement contained in the
standard. Main body paragraph numbers corresponding to each

requirement are included In parentheses.
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20. APPLI CABLE DOCUMENTS

20.1 Governnent docunents,

20.1.1 Specifications, standards. and handbooks. The
foll owing specifications, standards, and handbooks form a part of
this docunment to the extent specified herein. Unless otherw se
specified, the issue of these documents are those listed in the
i ssue of the Departnent of Defense | ndex of Specifications and
Stla_nd_ards_ (pob1ss) and suppl enment thereto, cited in the
solicitation.

SPECI FI CATI ONS

M LI TARY

M L- E- 6051 - Electromagnetic Compatibility

Requirements, Systems
STANDARDS
M LI TARY

M L- STD- 462 - Measurement of Electromagnetic
Interference Characteristics

M L- STD- 704 - Aircraft Electric Power
Characteristics

M L- STD- 1275 - Characteristics of 28 Volt DC
Electrical Systems in Military
Vehicles

M L- STD- 1377 - Effectiveness of Cable, Connector
and Weapon Enclosure Shielding and
Filters in Precluding Hazards of
Electromagnetic Radiation to
Ordnance, Measurement of

M L- STD- 1385 - Preclusion of Ordnance Hazards in

(NAVY) Electromagnetic Fields, General

Requirements for

M L- STD- 1399 - Interface Standard for Ship

( NAVY) Systems, Section 300, Electric
Section 300 Power, Alternating Current

A-5



specifications,

Avenue,

publications

MIL-STD-1512
(USAF)

MIL-STD-1539
(USAF)

MIL-STD-1541
(USAF)

MIL-STD-1542
(USAF)

MIL-STD-1757

MIL-STD-1795

MIL-STD-1818

HANDBOOKS
MILITARY
MIL-HDBK-235

MIL-HDBK-237

MIL-HDBK-241

MIL-HDBK-253

(Unless otherwise

20.1.2

- Electroexplosive

- Electromagnetic

- Electromagnetic

- Electromagnetic

- Electromagnetic

standards,
Publiications and Forns Center,
Philadelphiz P2

& her  Government documents,

MIL-STD-461D
APPENDIX

Subsystems,
Electrically Initiated, Test
Methods and Design Requirements

- Electric Power, Direct Current,

Space Vehicle Design Requirements

Compatibility
Requirements for Space Systems

Compatibility
(EMC) and Grounding Requirements
for Space Systems Facilities

- Lightning Qualification Test

Techniques for Aerospace Vehicles
and Hardware

- Lightning Protection of Aerospace

Vehicles and Hardware

Effects
Requirements for Systems

- Electromagnetic (Radiated)

Considerations for Design and
Procurement of Electrical and
Electronic Equipment

Compatibility
Management Guide for Platforms,
Systems and Equipment

- Design Guide for EM1 Reduction in

Power Supplies

- Guidance for the Design and Test

of Systems Protected Against the
Effects of Electromagnetic Energy

indicated, copies of federal and military

and handbooks are available from the
{ATTN: NPCDS, 580i Tabor

12120-509¢.))

drawings, and

The Tollowing other CGovernnent

docunent s,

A-6
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drawings, and publications form a part of this standard to the
extent specified herein. Unless otherw se specified, the issues
are those cited in the solicitation.

PUBLI CATI ONS
AIR FORCE SYSTEMS COMMAND (AFSC)
AFSC DH 1-4 -  Air Force Systems Command Design

Handbook, EMC
FEDERAL COMMUNICATIONS COMMISSION

CFR Title 47 - Parts 2, 15, and 18
DEPARTMENT OF DEFENSE (DOD)
DODI SS Department of Defense |ndex of

Speci fications and Standards

DOD 5000.37-M -  DOD Non Devel opnental Itens
Acqui sition Manual

US ARW AMC MATERI EL READI NESS SUPPORT ACTIVITY

AMC Panphl et 706-235 - Har deni n%FV‘éapon Syst ens
Agali nst Ener gy
AMC Panmphl et 706-410 - E%| neering Design Handbook,

US ARMY AVI ATI ON SYSTEMs COMVAND

ADS- 37 El ectromagnpetic Environnent al
Ef fects (%) Managenent, Design and
Test Requirenents

NAVAL SEA SYSTEMS COWWAND (NAVSEA)

NAVSEA OD 30393 -  Design Principles and Practices
for Controlling Hazards of
El ectromagnetic Radiation to
Ordnance

(Copi es of publications required by contractors in _
connection with specific acquisition functions should be obtained
fromthe contracting activity or as directed by the contracting
cfficer.)

20.2. Non-CGovernment Publications. -The follow ng docunents
forma part of this docunment tc the extent specified hereir.
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Unless otherwise specified, the issues of the documents which are
DOD ‘adopted are those listed in the issue of the DODISS cited in
the solicitation. Unless otherwise specified, the issues of
documents not listed in the DODISS are the issues of the
documents cited in the solicitation.

AVERI CAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C63.12 -  American National Standard for
E!egtroma%Petlc Compatibility
Limits - Recommended Practice

ANSI Cc63.14 -  Standard Dictionary for i
Technologies of Electromagnetic
Compatibility (EMC),
Electromagnetic Pulse (EMP), and
Electrostatic Discharge (ESD)

ANSI /| EEE 268 -  Metric Practice. (DOD adopted)

~ (Application for copies should be addressed to the | EEE
Servi ce nter, 445 Hoes Lane, p.0. Box 1331, Piscataway, NJ
08855-1331.)

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM E 380 - Standard for Metric Practice. (DOD -
adopt ed)

~ (Application for copies should be addressed to the American
Society for Testing and Materials, 1916 Race Street,
Phi | adél phia, PA 19103-1187.)

RADI O TECHNI CAL COW SSI ON FOR  AERONAUTI CS

DO 160 Environnental Conditions and Test
Conditions for Airborne Equipment

(Applications for copies should be addressed to Radio
Techni cal Conm ssion for Aeronautics Secretariat, One MPherson
Square, Suite 500, 1425 K Street, NW Washington DC 20005.)

(Non-government standards are generally avail able for
reference fromlibraries. They are also distributed anong non-
gover nment standards bodi es and using Federal agencies.)
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30. DEFINITIONS
30.1 General. The terms used in this appendix are defined
in ANSI C63.14. In addition, the following definitions are
applicable for the purpose of this appendix.

30.2 Acronyms used in this appendix.

a. ASwW - Anti-submarine Warfare
EMC - Electromagnetic Compatibility

c. EME - Electromagnetic Environment

d. EML - Electromagnetic Interference

e. EMICP - Electromagnetic Interference Control
Procedures

f. EMITP - Electromagnetic Interference Test
Procedures

g. EMITR - Electromagnetic Interference Test Report

h. EMP - Electromagnetic Pulse

i. EUT - Equipment Under Test

j. GFE - Government Furnished Equipment

k. LISN - Line Impedance Stabilization Network

1. NDI - Non-Developmental Item

m.  NOE - Nap-of-the-earth

n. RF - Radio Frequency

0. RMS - Root Mean Square

p. VFR - Visual Flight Rules

30.3 Below deck. An area on ships which is surrounded by a
metallic structure, or an area which provides significant
attenuation to electromagnetic radiation, such as the metal hull
or superstructure of 2 surface shiv, the hull < z submarine and
the screened roons xn non-netallic ships




MIL-STD-461D
APPENDIX

30.4 External installation.. An equipment location on a
platform which i1s exposed to the external electromagnetic
environment, such as an aircraft cockpit which does not use
electrically conductive treatments on the canopy or windscreen.

30.5 Internal installation. An equipment location on a
platform which is totally inside an electrically conductive
structure, such as a typical avionics bay in an aluminum skin
aircraft.

30. 6 Metric units. Metric units are a system of basic
measures which are defined by the International System of Units
based on "Le System International d’Unites (SI)", of the
International Bureau of Weights and Measures. These units are
described in ASTM E 380 and ANSI/IEEE 268.

30.7 Non-develoumental item. Non-developmental item is a
broad, generic term that covers material available from a wide
variety of sources with little or no development effort required
by the Government.

30.8 Safetv critical. A category of subsystems and
equipment whose degraded performance could result In loss of life
or loss of vehicle or platform.
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40. GENERAL REQUIREMENTS

40.1 (4.1) General. Electronic, electrical, and
electromechanical equipment and subsystems shall comply with the
applicable requirements in 4.2 through 4.8. The requirements are
in addition to the applicable emission and susceptibility
requirements defined in other portions of this standard.

DISCUSSION: The requirements iIn this dparagraph are
universally applicable to all subsystems and equipment. Separate
emission and susceptibility requirements which are structured to
address specific concerns with various classes of subsystems and
equipment are contained iIn other portions of this standard.

This document is concerned only with specifying technical
design requirements Tfor controlling electromagnetic interference
(EMI) emissions and susceptibility at the subsystem-level and
equipment-level. The requirements in this document are not
intended to be directly applied to subassemblies of equipment
such as modules or circuit cards. The basic concepts can be
implemented at the subassembly level; however, significant
tailoring needs to be accomplished for the particular
application. The requirements included herein are intended to be
used as a baseline. Placement of the limits is based on
demonstrated performance typically required for use on existing
platforms in order to achieve electromagnetic compatibility
(EMC). System-level requirements dealing with integration of
subsystems and equipment are contained in documents such as
MIL-E-6051, MIL-STD-1818, MIL-STD-1541 and MIL-STD-1542. The
procuring activity and system contractors should review the
requirements contained herein for possible tailoring based on
system design and expected operational environments.

Guidance and techniques which are helpful iIn designing to
meet the requirements of this standard are contained in
MIL-HDBX-241, MIL-HDBX-253, AFSC DH 1-4, and AMC Pamphlet
706-410. MIL-HDBX-237 provides guidance for management of EMC
efforts. ADS-37 provides additional guidance for Army equipment
| ocated or operated on fixed-wing aircraft and helicopters.
MIL-HDBX-235 provides information on land, air, and sea based RF
emitters, both hostile and friendly, which contribute to the
overall electromagnetic environment. MIL-STD-1818 specifies the
total electromagnetic environment (external RF, EMP, and
lightning) for complete systems for Ailr Force applications.

kn area related tcEMI control IS design requirenments of
el ectroexpl osi ve subsystens and el ectroexpl osi ve devi ces.
M L- STD- 1512 specifies requi rements for Air Force applications.
MIL-STD-i 385 specifies ordnance design requirenents for the NAVY

A-11
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with OD 30393 providing design guidance. MIL-STD-1377 contains
techniques for evaluating the effectiveness of cable, connector,
and weapon enclosure shielding.

Another related area is lightning requirements.
MIL-STD-1795 specifies design requirements for protecting _
aerosgace vehicles and hardware from the effects of lightning.
MIL-STD-1757 provides test techniques for evaluating aerospace
vehicles and hardware to the lightning threat.

40.2 (4.2) Joint Procurement. Equipment or subsystems
procured by one DOD activity for multi-agency use shall comply
with the requirements of the user agencies.

DISCUSSION: When the government procures equipment that
will be used by more than one service or agency, a particular
activity 1is assigned responsibility for overall procurement. The
responsible activity must address the concerns of all the users.
Conflicts may exist among the parties concerned. Also,
imposition of more severe design requirements by one party may
adversely affect other performance characteristics required by
the second party. For example, severe radiated susceptibility
levels on an electro-optical sensor may require aperture
protection measures which compromise sensitivity. It is
important that these issues be resolved to the satisfaction of
all parties and that all genuine requirements be included.

40.3 (4.3) _Eilterina (Naw only). The use of line-to-ground
filters for EM1 control shall be mrnimized. Such filters
establish low impedance paths for structure (common-mode)
currents through the ground plane and can be a major cause of
interference in systems, platforms, or installations because the
currents can couple iInto other equipment using the same ground
plane. |If such a filter must be employed, the line-to-ground
capacitance for each line shall not exceed 0.1 microfarads (pF)
for 60 Hertz (Hz) equipment or 0.02 pfF for 400 Hz equipment. For
submarine DC-powered equipment and aircraft DC-powered equipment,
the filter capacitance from each line-to-ground at the user
interface shall not exceed 0.075 MF/kW of connected load. -For
loads less than 0.5 kW, the filter capacitance shall not exceed
0.03 ur. The filtering employed shall be fTully described in the
equipment or subsystem technical manual and the Electromagnetic
Interference Control Procedures (EMICP) (See 6.3).

DISCUSSION: The power systems for Navy ships and submarines
are ungrounded. The primary AC power, both 60 Hz and 400 Hz are
three-phase, ungrounded, delta configuration systems. The
primarvy DC power for submarines is & two-wire ungrounded system.

The capacitance-to-ground of power iine filters provides & path
for conducting current into the hull structure. The Navy uses
very sensitive low frequency radio and sonar receivers. At | ow
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frequencies, currents flowing through the installation structure
and across surfaces of electronic enclosures will penetrate to
the inside of the enclosure. The magnetic fields created by
these currents can _couple into critical circuits and degrade
performance. At higher frequencies (greater than 100 kHz), the
combination of power line filter capacitance-to-ground
limitation, skin effect of equipment enclosures and reduced _
harmonic currents tend to minimize the problems associated with
structure currents.

40.4 _(4.4) §g;§-§ggg§;ibilit¥. The operational performance
of an equipment or subsystem shall not be degraded, nor _shall it
malfunction when all of the units or devices in the equipment or

subsystem are oEerating_together_at their designed levels of
efficiency or their design capability.

DISCUSSION: The EMI controls imposed by this standard apply
to subsystem-level hardware with the purpose of iInsuring
compatibility when various subsystems are integrated into a
system platform. 1In_a parallel sense, a subsystem can be
considered to be an_ integration of various assemblies, circuit
cards, and electronics boxes. While specific requirements could
be 1mposed to control the interference characteristics of these
individual items, this standard iIs concerned only with the
overall performance characteristics of the subsystem after
integration. Therefore, the subsystem itself must exhibit _
compatibility among its various component parts and assemblies.

40.5 (4.5) Non-developmental items (NDI). In accordance
with the guidance provided in DOD 5000.37-M, the requirements of
this standard shall be met when applicable and warranted by the
intended installation and platform requirements.

DISCUSSION: NDI refers to any equipment which is already
developed and ready for use including both commercial and
military items. OD 5000.37-M provides guidance on EMC iSsues
relating to the use of NDI. DOD 5000.37-M states concerns with
proper operation in the mission environment and the need for
compatibility with existing operational equipment. The document
includes cautions that acceptance in the commercial marketplace
does not mean that EMC requirements are met, that modifications
to correct EMC problems can be costly and time consuming, and
that EMC problems can be potentially hazardous. DOD 5000.37-M
states that quantitative EMC requirements should be developed and
that valid data needs to be gathered during a market
investigation for performance of analysis to determine the
suitability of the NDI. Testing may be required if there is
insufficient data. AnEMC board IS recommended to provide
alternatives to deci sion makers.

4C.5.1 (4.5.1) Commercial oOff-the-shelf ecuipment.
k-13
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DISCUSSION: The use of commercial off-the-shelf equipment
presents a dilemma between the need for EM1 control with
appropriate design measures implemented and the desire to take
advantage of existing designs which may exhibit undesirable EM1
characteristics. Paragraphs 4.5.1.1 and 4.5.1.2 address the
specific requirements fTor the two separate cases of contractor
selection versus procuring activity specification of commercial
equipment.

For some applications of commercially developed products,
such as commercial transport aircraft, EM1 requirements similar
to those iIn this standard are usually imposed on equipment. \|ost
commercial aircraft equipment is required to meet the EMI
requirements in RTCA DO-160 or an equivalent contractor in-house
document. Revisions to RTCA DO-160 in 1989 and planned changes
in the early 1990s are making the document more compatible with
this standard. Equipment qualified to RTCA DO-160 is often
suitable for military aircraft applications.

EM1 requirements on most commercial equipment are more
varied and sometimes nonexistent. The Federal Communication
Commission (FCC) 1is responsible for regulating ™"Non-Licensed
Radio Frequency Devices" in the commercial and residential
environment to control interference to radio reception.
Requirements are imposed in FCC Rules, Parts 2, 15, and 18. The
FCC does not control susceptibility (referred to as Immunity in
the commercial community) characteristics of equipment. The most
widely applied requirement is Part 15 which requires that any
"digital device” comply with the following conducted and radiated
emission limits for commercial environments (Class A) and
residential environments (Class B).

CONDUCTED  EMISSIONS

FREQUENCY CLASS A CLASS B
(MH2) (dBuV) (dBuUV)
0.45 - 1.705 60 48
1.705 - 30 70 48

RADIATED EMISSIONS

FREQUENCY CLASS A CLASS B
(MHz) (dBuv/m at 10 meters) (dBUV/m at 3 meters)
30 - 88 39 40

ge - 22¢ 44 L4

216 -~ 960 46 46

above 960 50 54
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These requirements are typically less stringent than
military requirements of a similar type. Also, there is
difficulty i1n comparing levels between commercial and military
testing due to differences iIn measurement distances, different
types of antennas, and near-field conditions.

The commercial community is moving toward Immunity
standards. The basis for immunity control is given in ANSI
C63.12. There is also activity In the international area. The
European Community 1is imposing mandatory standards and the
International Electrotechnic Commission is working on standards.
A comparison of various proposed limits are as listed below:

RF Radiated Immunity: 1, 3, or 10 V/m
0.15 to 1,000 MHZ

RF Conducted Immunity: 1 to 7 Vrms
10 kHz to 400 MHz

Transient Immunity: 600 V
0.01 us/1 ps, 50 Ohm source

40.5.1.1 (4.5.1.1) Selected bv contractor. When it is
demonstrated that a commercial item selected by the contractor is
responsible for equipment or subsystems failing to meet the
contractual EMI requirements, either the commercial i1tem shall be
modified or replaced or interference suppression measures shall
be employed, so that the equipment or subsystems meet the
contractual EM1 requirements.

DISCUSSION: The contractor retains responsibility for
complying with EM1 requirements regardless of the contractor®s
choice of commercial off-the-shelf items. The contractor can
treat selected commercial items as necessary provided required
performance 1is demonstrated.

40.5.1.2 (4.5.1.2) Specified bv Procuring activity. When it
iIs demonstrated by the contractor that a commercial item

specified by the procuring activity for use in an equipment or
subsystem 1is responsible for failure of the equipment or
subsystem to meet its contractual EM1 requirements, the data
indicating such failure shall be included in the EMITR (See 6.3).
No modification or replacement shall be made unless authorized by
the procuring activity.

DISCUSSIOK: The procuring activity retains responsibility
for EMI characteristics of commercial items which the procuring
activity specifies to be used as part of a subsystem or
equipment. The procuring activity will typically study
trade-offs between the potential of system-level problems and the
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benefits of retaining unmodified commercial equipment. The
procuring activity needs to provide specific contractual
direction when modifications are considered to be necessary.

40.5.2 (4.5.2) Procurement of equipment or subsvstems having
met other EM1 reauirements. Procurement of equipment and

subsystems electrically and mechanically 1identical to those
previously procuredby activities of DOD or other Federal
agencies, or their contractors, shall meet the EMI requirements
and associated limits, as applicable in the earlier procurement,
unless otherwise specified by the Command or agency concerned.

DISCUSSION: In general, the government expects
configuration controls to be exercised in the manufacturing
process of equipment and subsystems to ensure that produced items
continue to meet the particular EMI requirements to which the
design was qualified. The latest version of MIL-STD-461 reflects
the most up-to-date environments and concerns. Since the
original EM1 requirements may be substantially different than the
latest version of MIL-STD-461, they may not be adequate to assess
the suitability of the i1tem iIn a particular installation. This
situation-most often occurs for equipment susceptibility tests
related to the radiated electromagnetic environment. Procuring
activities need to consider imposing additional test requirements
on the-contractor to gather additional data to permit adequate
evaluation. The Navy and Army have found this additional testing
to be especially necessary for their applications.

Testing of production items has shown degraded performance
of the equipment from that previously demonstrated during
development. One problem area 1i1s engineering changes i1mplemented
for ease of manufacturing which are not adequately reviewed for
potential effects on EMI control design measures. Specific
problems have been related to treatment of cable and enclosure
shields and electrical grounding and bonding.

40.6 (4.6) _Government furnished equipment (GFE). When it is
demonstrated by the contractor that a GFE is responsible for
failure of an equipment or subsystem to meet the-contractual EM1
requirements, the data indicating such failure shall be included
in the EMITR (see 6.3). No modification shall be made unless
authorized by the procuring activity.

DISCUSSION: GFE i&treated the same as commercial items
specified by the procuring activity.

40.7 (4.7) Testing requirements. The testing requirements
and procedures of MIL-STD-462 shall be used to determine
compliance with the applicable emission and susceptibility
requirements of this standard. Data gathered as a result of
performing tests In one electromagnetic discipline may be
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sufficient to satisfy requirements in another. Therefore, to
avoid unnecessary duplication, a single test program should be
established with tests for similar requirements conducted
concurrently whenever possible. Equipment that are intended to
be operated as a subsystem shall be tested as such to the
applicable emission and susceptibility requirements whenever
practical. Formal testing is not to commence without approval of
the Electromagnetic Interference Test Procedures (EMITP) (See
6.3) by the Command or agency concerned.

DISCUSSION: MIL-STD-462 is a parallel document to
MIL-STD-461. MIL-STD-46i specifies design requirements and
MIL-STD-462 specifies general test methodology together with
detailed methods to demonstrate compliance with MIL-STD-461.

Electromagnetic disciplines (electromagnetic compatibility
(EMC), electromagnetic pulse (EMP), lightning, RF compatibility,
frequency allocation, etc.) are integrated to differing levels in
various government and contractor organizations. There is often
a common base of requirements among the disciplines. It 1s more
efficient to have unified requirements and complete and concise
testing. For example, the.EMC, EMP and lightning areas all
pertain to electronic hardness to transients. The transient
requirements in MIL-STD-461 and MIL-STD-462 should satisfy most
concerns or should be adapted as necessary to do so.

Testing integrated equipment at the subsystem-level is
advantageous because the actual electrical interfaces are iIn
place rather than electrical load or test equipment simulations.
When simulations are used, there is always doubt regarding the
integrity of the simulation and questions arise whether emission
and susceptibility problems are due to the equipment under test
or the simulation.

Test procedures provide a mechanism to interpret and adapt
MIL-STD-461 and MIL-STD-462 as they are applicable to a
particular subsystem or equipment and to detail the test a%ency's
facilities and instrumentation and their use. It 1s important
that the-procedures are available to the procuring activity early
so that the procuring activity can approve the test procedures
prior to the start of testing. Agreement needs to exist between
the procuring activity and the contractor on the interpretation
of test requirements and methodology, thereby minimizing the
possible need for retesting.

40.8 (4.8) switching transients. Switching transient
emissions that result at the moment of operation of manually
actuated switching functions are exempt from the requirements of
this standard. Other transient type conditions, such as
automatic sequencing following initiation by a manual switching
function, shall meet the emissions requirements of this standard.
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DISCUSSION: Proper treatment of manuadly actuated switching
functions has long been a dilemma. Platform experience has shown
that switching of electronics equipment subjected to EM1
requirements rarely causes electromagnetic compatibility
problems. On this basis, there are no requirements included in
this standard. "On-off" switching has been of particular
interest. On-off switching has occasionally caused power quality
type problems. These problems are associated with voltage
regulation difficulties from a large load being switched on a
power bus; however, such power quality iIssues are not addressed
by this standard,

Platform problems have also been observed from switching of
items not normally subjected to EM1 requirements such as
unsuppressed inductors (valves, relays, etc.), motors, and high
current resistive loads. These types of problems are more
related to coupling of transients onto platform wiring through
electric and magnetic fields than direct conduction of the
interference. There are substantial requirements included in the
standard to protect against susceptibility to transients. This
statement is not intended to imply that inductive devices and
other transient producers should not be suppressed as a normal
good design practice.- For example, some Integrating contractors
routinely require vendors to provide diode suppression on
inductors.

In earlier versions of EM1 standards, manually actuated
functions were measured using frequency domain techniques.
Although measured emission levels were often 40-70 dB above the
limit, no platform problems were observed. This technique was
largely abandoned iIn later versions of the standards in favor of
a time domain requirement on power leads (CE07). Except for some
above limit conditions associated with on-off functions,
equipment rarely have had anf\; problems with the requirement.
Testing of on-off functions has often been controversial because
of the need to often use a switch external to the equipment. A
number of issues arise regarding placement of the switch, where
the transient should be measured, whether the switch or the
equipment causes the transient, and whether the switch can be
suppressed.

The exemption is applicable only for transient effects
occurring at the moment of manual switch operation. Many other
transient type effects occur during the operation of electronics.
An argument could be made that the operation of microprocessor
controlled electronics produces continuous transients with every
change of state. There are certain transient effects which occur
infrequently that coulcd be presented to the procuring activity as
events similar to the action of a manual switch with a request
for an exemption. An examplie is a heater circuit which functions
intermittently dependent upon a sensed temperature.
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_ Other documents such as MIL-STD-704 and MIL-E-6051 for
aircraft impose transient controls at the system-level.
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50. DETAILED REQUIREMENTS

50.1 (5.1) General. Table 1 is a list of emissions and
susceptibility requirements established by this standard.
General test methods for these requirements are contained in
MIL-STD-462 as implemented by the Government approved EMITP (see
6.3). All results of tests performed to demonstrate compliance
with the requirements are to be documented in the EMITR (see 6.3)
and forwarded to the Command or agency concerned for evaluation
prior to acceptance of the equipment or subsystem. Design
procedures and techniques for the control of EM1 shall be
described in the EMICP (see 6.3). Approval of design procedures
and techniques described in the EMICP does not relieve the
supplier of the responsibility of meeting the contractual
emission, susceptibility, and design requirements.

DISCUSSION: The applicability of individual requirements 1in
Table 1 for a particular equipment or subsystem is dependent upon
the platforms where the item will be used. The electromagnetic
environments present on a platform together with potential
degradation modes of electronic equipment items play a major role
regarding which requirements are critical to an application. For
example, emissions requirements are tied to protecting
antenna-connected receivers on platforms. The operating
frequency ranges and sensitivities of the particular receivers
on-board a platform, therefore, influence the need for certain
requirements.

The EMICP, EMIT?, and EMITR are important elements 1in
documenting design efforts for meeting the requirements of this
standard, testing approaches which interpret the generalized test
methods in MIL-STD-462, and reporting of the results of testing.
The EMICP is a mechanism instituted to help ensure that
contractors analyze equipment design for EMI implications and
include necessary measures in the design for compliance with
requirements. Approval of the document does not indicate that
the procuring activity agrees that all the necessary effort is
stated in the document. It is simply a recognition that the
design effort is addressing the correct 1issues.

The susceptibility limits are the upper bound on the range
of values for which compliance is required. The EUT must also
provide required performance at any stress level below the limit.
For example, i1f the limit for radiated susceptibility to electric
fields is 10 volts/meter, the EUT must also meet its performance
reguirements &t T vecits/meter or anv other field less than or
equal to 10 volts/meter. There have been cases where equipment
has met 1ts EMI requirements at the limit, hut it has failed
elsewhere.
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50.1.1 (5.1.1) Units of frequency dommin neasurenents. Al
frequency donmain limts are expressed I1n terns of equivalent root
nmean square (RMS) value of a sine wave as woul d be indicated by

the output of a nmeasurenent receiver using peak envel ope
det ecti on.

DISCUSSION: A detailed discussion is provided on peak
envel ope detection in the ML-STD 462 appendi x for paragraph
4.10.1. A summary of output of the detector for several input
wavefornms is as follows. For an unnodul ated sine wave, the
output sinply corresponds to the rRMs value of the sine wave. For
a nodul ated sine wave, the output is the RMS value of an
unnodul ated sine wave with the sane absol ute peak value. For a
signal with a bandw dth greater than the bandw dth of the
measurenent receiver, the output is the RMs value of an
-unnodul ated sine wave with the sane absol ute peak val ue as the
wavef orm devel oped in the receiver bandpass.

_ 50.2 (5.2) EMI control requirenents versus intended
installations., Table Il summarizes the requirenents for

equi pment _and subsystens intended to be installed in, on ,or

| aunched from various mlitary platfornms orinstallations. When
an equi pnent or subsystemis to be installed in nore than one
type of platformor installation, it shall conply with the nost
stringent of the applicable requirements and limts. An "a-"
entry in the table neans the requirenent is applicable. An »L"
entry means the applicability of the requirement is limted as
specified in the appropriate requirenment paragraph of this _
standard. An "s” entry neans the procuring activity nust specify
the applicability and limt requirenents in the procurenent
specification. Absence of an entry means the requirenment is not
appl i cabl e.

_ DISCUSSION: Discussion on each requirement as it relates to
different platforns is contained in the sections on the
i ndi vi dual requirenents.

i 50.3 (5-3) Emi ssion and susceptibility requirements and
imts.

50.3.1 (5.3.1) CE2101 (Conducted eni ssions., power |eads.

30 Hz to 10 kHz).

" DISCUSSION:  The requirenments are applicable to |eads that
obtai n power from sources which are not part of the EUT. There
I's no requirement on output |eads from power sources. Since
power quality standards are normally used to govern the
cheracteristics of output power, there is nc need for separate
EML requirements on output |eads.
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The limits are in terms OF current because of the difficulty
in controlling the power source impedance in test facilities at
lower frequencies. This type of control would be necessary to
specify the limits in terms of voltage. Emission current levels
will be somewhat independent of power source iImpedance variations
as long as the impedance of the emission source is large relative
to the power source impedance.

For Navy surface ships and submarines, the intentof this
requirement i1s to control the effects of conducted emissions
peculiar to the shipboard power distribution system. Harmonic
line currents are limited for each electrical load connected to
the power distribution system. Power quality for ships 1is
controlled by MIL-STD-1339, Section 300.

The ship service power distribution system (ship®s primary
power) supplied by the ship®s alternators is 440 VAC, 60 Hz,
3-phase, 3-wire, delta-connected, ungrounded. Although ship”s
primary power is ungrounded, there exists a virtual alternating
current (AC) ground at each electrical load due to capacitance to
chassis. The unbalance between the virtual grounds at each
electrical load causes AC currents to flow in the hull of the
ship. These hull currents can degrade the performance of
electronic equipment, upset ground detectors, and counteract
degaussing.

Hull currents are controlled by limiting the amplitude of
harmonic currents conducted on the power distribution system
wiring for each electrical load. The limit is based on
maintaining total harmonic distortion of the ship power
distribution system within 5% of the supply voltage with the
contribution from any single harmonic being less than 3%. In
addition to the hull current concern, total harmonic distortion
greater than 5% is above the tolerance of most electronic
gquipment, induction motors, magnetic devices, and measuring
evices.

For Army aircraft, the primary concern is to ensure that the
EUT does not corrupt the power quality (allowable voltage
distortion) on the power busses present on the platform. The
Army aircraft limits are based on relating the allowable current
flowing Into a 1.0 ohm impedance to MIL-STD-704 requirements on
voltage distortion. The Army limit includes approximately a
20 dB margin with respect to MIL-STD-704 to allow for
contributions from multiple emission sources.

For Navy aircraft, the requirement is applicable for
installations using anti-submarine warfare (ASW) equipment. The
primary mission of ASW aircraft is to detect and locate
submarines. Unacceptable levels of emission currents iIn the

frequency range of this test would limit the detection and
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processing capabilities of the Magnetic Anomaly Detection (MAD)
and Acoustic Sensor systems. The MAD systems must be able to
isolate a magnetic disturbance in the earth"s magnetic field of
less than one part in 50,000. In present aircraft, the Tull
sensitivity of the MAD systems is not available due to
interference produced by onboard equipment. Low Tfrequency
interference effects In the 30 Hz to 10 kHz can be a problem for
Acoustic Sensor systems.

The Air Force has not generally imposed this type of
requirement in the past (particularly in the case of aircraft),
and no platform problems have resulted. This situation 1is
probably due to the low source iImpedances present in Air Force
power generation systems at the lower frequencies. Also, the Air
Force does not usually utilize tuned receivers operating in the
frequency range of the requirement.

Possible tailoring of the requirements by the procuring
activity is to impose the requirement iIf sensitive receivers
operating in the frequency range of the requirement are to be
installed on a platform or to modify the limit based on the
particular characteristics of the power system onboard the
platform.

50.3.2 (5.3.2) CE102 (Conducted emissions. power Jleads.,
10 kHz to 10 MHZ).

DISCUSSION: The requirements are applicable to leads that
obtain power from sources which are not part of the EUT. There
IS no requirement on output leads from power sources.

The basic concept in the lower frequency portion of the
requirement iIs to ensure that the EUT does not corrupt the power
quality (allowable voltage distortion) on the power busses
present on the platform. Examples of power quality documents are
MIL-STD-704 for aircraft, MIL-STD-1399 for ships, MIL-STD-1539
for space systems, and MIL-STD-1275 for military vehicles.

Since power quality standards govern allowable distortion on
output power, there i1s no need for separate EM1 requirements on
output leads. The output power leads are treated no differently
than any other electrical interface. This standard does not
directly control the spectral content of signals present on
electrical interfaces. Waveform definitions and distortion
limits are specified in documents such as interface control
documents. In the case of output power, the quality of the power
must be specified over an appropriate frequency range so that the
user of the power can rroperly design. This situation is true
whether the power source iIs a primary source such as 115 volts,
400 Hz, or a = 15 VDC low current supply. A significant
indirect control on spectral content exists in the RE102 limits

-
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which essentially require that appropriate waveform control and
signal transmission techniques be used-to prevent unacceptable
radiation (see discussion on CE102 limit placement and RE102
relationship below). An important issue, which is often ignored,
iIs that some requirements such as CS114 and RS103 will induce
substantial voltage and current levels on electrical interfaces.
Controlling directly conducted interference to low levels can be
a poorly directed effort i1if the interfacing equipment can
tolerate the much higher stresses associated with the
susceptibility tests.

Since voltage distortion is the basis for establishing power
quality requirements, the CE102 limit is iIn terms of voltage.
The use of a standardized line iImpedance over the frequency range
of-this test provides for the convenient measurement of the
voltage as developed across this impedance. In previous versions
of MIL-STD-461, a current measurement into a 10 microfarad
feedthrough capacitor was specified. The intent of the capacitor
was to provide an RF short of the power lead to the ground plane.
It was difficult to interpret the significance of the current
limit with respect to platform applications. The presence of a
standardized impedance is considered to reflect more closely the
electrical characteristics of the power busses in platforms.

Of the power quality documents reviewed, MIL-STD-704 1is the
only one with a curve specifying an amplitude versus frequency
relationship for the allowable distortion. The CE102 limits
require that amplitude decays with 1increasing frequency similar
to the requirements of M L-STD- 704. Common requirements are
specified for all applications since the concerns are the same
for all platforns.

The basic limit curve for 28 volts i1s placed approximately
20 dB below the power quality curve iIn MIL-STD-704. There are
several reasons for the placement. One reason is that a number
of interference sources present in different subsystems and
equipments on a platform may be contributing to the net
interference voltage present at a given location on the power
bus. Assuming that the interference sources are not phase
coherent, the net voltage will be the square root of the sum of
the squares of the voltages from the individual sources. A
second reason is that the actual impedance in an installation
will vary from the control iImpedance with actual voltages being
somewhat higher or lower than that measured during the test.
Therefore, some conservatism needs to included in the limit.

The relaxation for other higher voltage power sources is

basec on the reiative |evels of the power quality curves on
ripple for different operating voltages.
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At higher frequencies, the ce102 limit serves as a separate
control from HE102 on potential radiation from power leads which
may couple into sensitive antenna-connected receivers. The CE102
limits have been placed to ensure that there is no conflict with
the HE102 limit. Emissions at the CE102 limit should not radiate
above the HE102 limit. Laboratory experiments on coupling from a
2.5 meter power lead connected to a line impedance stabilization
network have shown that the electric field detected by the RE102
rod antenna is flat with frequency up to approximately 10 MHz and
is approximately equal to (X-40) dBuv/m, where X is the voltage
expressed in dBpv. For example, if there is a signal a level of
60 aBuv on the lead, the detected electric field level is
approximately 20 dBuv/m.

Tgilorin% of the requirements in contractual documents may
be desirable by the procuring activity. Adjusting the limit line
to more closely emulate a spectral curve for a particular power
guality standard is one possibility. _ Contributions from multiple
interference sources need to be considered as noted above. If
antenna-connected receivers are not present on the platform at
the higher frequencies, tailoring of the upper frequency of the
requirement is another possibility. The requirement is_ limited
to an upper frequency of 10 MHz due to the allowable 2.5 meter
length of power lead iIn the test setup approaching resonance.

Any conducted measurements become less meaningful above this

f requency. |If tailoring is done to impose the requirement at
higher frequencies, the test setup should be modified for CE102
to shorten the allowable length of the power | eads.

50.3.3 (5.3.3) CE106 (Conducted emissions, antenna termninal,
10 kHz to 40 GHz).

DISCUSSION:  The requirement is applicable for transmitters
and receilvers. The basic concern is to protect antenna-connected
receivers both on and off the platform from being degraded due to
radiated interference from the antenna associated with the EUT.
The limit for transmitters in the transmit mode is placed
primarily at levels which are considered to be reasonably
obtainable for most types of equipment. Suppression levels that
are required to eliminate all potential elecgromagnetlc
compatibility situations are often much more severe and could
result in significant design penalties. The limit for receivers
and transmitters in standby i1s placed at a level which provides
reasonable assurance of compatibility with other equipment.
Common requirements are specified for all applications since the
concerns are the same for all platforms.

AS an example of an antenna ccocupling situaticn, consider a
10 watt VHF-AM transmitter operating at 150 MHz and a UHF-AM
receiver with a sensitivity of -100 dBm tuned to 300 MHz with
isotropic antennas |ocated 10 meters apart. The requirement is
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that the transmitter second harmonic at :300 MHz must be down
50 + 10 lig 10 = 60 dB. The free space loss equation

Pp/Py = (A%G,Gg)/ (4mR)2 indicates an isolation of 42 dB between
the two antennas.

Pr = Received Power Gg = Recelve Antenna Gain= 1

Ps = Transmitted Power 6T = Transmitter Antenna Gain = 1
i = Wavelength = 1 meter

"R = Distance between Antennas = 10 meters

A second harmonic at the limit would be 60 + 42 = 102 dB
down at the receiver. 102 dB below 10 Watts (40 dBm) is -62 dBm
which is still 38 dB above the receiver sensitivity. The level
which 1s actually required not to cause any degradation in the
receiver iIs -123 dBm. This value results because the worst-case
situation occurs when the interfering signal is competing with
the sidebands of the intentional signal with a signal amplitude
at the receiver sensitivity. For a standard tone of 30% AM used
to verify sensitivity; the sidebands are 13 d@B down from the
carrier and a 10 dB signal-to-noise ratio is normally specified.
To avoid problems, the interfering signal must, therefore, be
13 + 10 = 23 dB below -100 dBm or -123 dBm. This criterion would
require the second harmonic to be 121 dB down from the
transmitter carrier which could be a difficult task. Harmonic
relationships can sometimes be addressed through frequency
management actions to avoid problems.

Assessing the 34 dBuv (-73 dBm) requirement for standby, the
level at the receiver would be -115 dBm which _could cause some
minimal degradation iIn the presence of a marginal intentional
signal.

Greater antenna separation or antenna placement not
involving direct line of sight would improve the situation.
Also, the VHF antenna may be poorer than isotropic in the UHF
band. CE106 does not take into account any suppression
associated with frequency response characteristics of antennas;
however, the results of the case cited are not unusual. RE103,
which is a radiated emission control on spurious and harmonic
outputs, includes assessment of antenna characteristics.

Since the free space loss equation indicates that isolation
iIs proportional to the wavelength squared, isolation values
improve rapidly as frequency increases. Also, antennas are
generally more directional 1n the GHz region and receivers tend
to be less sensitive due to iarger bandwidths.

The procuring activity may consider tailoring contractual
documents by establishing suppression levels based on antenna-to-
antenna coupling studies on the particular platform where the
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equipment will be used. Another area could be relaxation of
requirements for high power transmitters. The standard
suppression levels may result in S|8n|f|cant design penalties.
For example, filtering for a 10,000 watt HF transmitter may be
excessively heavy and substantially attenuate the fundamental
frequency. Engiheering trade-offs may be necessary.

50.3.4 (5.3.4) ¢S101 (Conducted susceptibility, Dower leads
30 Hz to 50 kHz).

DISCUSSION: The requirement is applicable to power input
leads that obtain power from other sources which are not part of
the EUT. There is no requirement on power output leads. ' The
basic concern iIs to ensure that equipment performance iIs not
degraded from ripple voltages associated with allowable
distortion of power source voltage waveforms.

The required signal is applicable only to the high sides on
the basis that the concern is developing a differential voltage
across the power input leads to the EUT. The series injection
technique iIn MIL-STD-462 results iIn the voltage dropping across
the i1mpedance of the EUT power input circuitry. The impedance of
the power return wiring s normally insignificant with respect to
the power iInput over most of the required frequency range.

Common mode voltages evaluations are addressed by other
susceptibility tests such as CS114 and RS103. Injection on a
power return will result in the same differential voltage across
the power input; however, the unrealistic condition will result
in a large voltage at the return connection to the EUT with
respect to the ground plane.

Similar to CE102, the limits are based on a review of the
power quality standards with emphasis toward the spectral content
curves present in MIL-STD-704. Rather than having a separate
curve for each possible power source voltage, only two curves are
specified. The voltage amplitude specified iIs approximately 6 dB
above typical power quality limits, although the limit has been
somewhat generalized to avoid complex curves. The margin between
the limit and the power quality standard is necessary to allow
for variations in performance between manufactured items.

The difference between the limits for CE102 and Cs101 of
approximately 26 dB should not be viewed as a margin. The CE102
limit 1s placed so that ripple voltages do not exceed that
allowed by the power quality standards due to interference
contributions from multiple EUTs. Therefore, the power quality
standard is the only valid basis of comparison.

The primary tailoring consideration for the procuring
activity for contractual documents is adjustment of the limit to
follow nore closely a particul ar power quality standard.
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the receiver. For receivers that process a very specific
modulation, the issue exists whether an out-of-band signal can
reasonably be expected to contain that modulation. Another
complicating factor is related to the potential intermodulation
products resulting from two signals. Responses Tfrom
intermodulation products can be predicted to occur when

f, = mf; + nf; where £, 1s the operating frequency of the
receiver, m and n are integers, and £; and f, are the out-of-band
signals. For receivers which continuously change frequency (such
as frequency agile or frequency hopping), the relationship will
be true only for a portion of the operating time of the receiver,
unless the out-band-signals are also continuously tuned or the
receiver operating characteristics are modified for the purpose
of evaluation.

50.3.6 (5.3.6) 04 susceptibility,
port. rejection of undesired signals., 30 Hz to 20 GHz) .

DISCUSSION: The intent of this requirement is to control
the response of antenna-connected receiving subsystems to signals
outside of the intentional passband of the subsystem. The
requirement can be applied to receivers, transceivers,
amplifiers, and the like. Due to the wide diversity of subsystem
designs being developed, the applicability of this type of
requirement and appropriate limits need to be determined for each
procurement. Also, requirements need to be specified that are
consistent with the signal processing characteristics of the
subsystem and the particular test methodology to be used to
verify the requirement.

One approach for determining levels required for the out-of-
band signal can be determined from an analysis of the
electromagnetic environments present and characteristics of
receiving antennas. However, levels calculated by this means
will often place unreasonable design penalties on the receiver.
For example, i1f an external environment of 200 volts/meter 1is
imposed on a system, an 1isotropic antenna at 300 MHz will deliver
30 dBm to the receiver. This level represents a severe design
requirement to many receivers. An alternative approach iIs to
simply specify levels which are within the state-of-the-art for
the particular receiver design.

This requirement is most applicable to fixed frequency,
tunable, superheterodyne receivers. Previous versions of this
standard required normal system performance for a 0O dBm signal
outside of the tuning range of the receiver and a signal 80 dB
above the level producing the standard reference output within
the tuning range (excluding the receiver vpassbancd within the 80
dB points on the selectivity curve). As an example, a
conventional UHF communication receiver operating from 225 MHz to
400 MHz commonly has a sensitivity on the order of -100 dBm. For
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this case, the 0 dBm level aBplies below 225 MHz and above 400
MHZ. Between 225 Muz and 400 MHz (excluding the passband), the
required level is -20 dBm.

_For other types of receivers, application of t-his
requirement is often less straightforward and care must be taken
to ensure_ that any applied requirements are properly specified.
Many receivers are designed to be interference or jam resistant
and this feature may make application of this requirement
difficult or inappropriate.

-This requirement is usually specified using either one or
two signals. With the one signal requirement, the signal 1s out-
of-band to the receiver and is modulated with a waveform normally
used by the receiver. No in-band signal is used. For receivers
that process a very specific modulation, the issue exists whether
an out-of-band signal can reasonably be expected to contain that
modul ation. An alternative is to specify the requirement for
two signals. An in-band signal can be specified which contains
the normal receiver nodulation. The out-off-band signal can be
nodul ated or unnodul ated with the criterion being that no
degradation in reception of the intentional signal is allowed.

50.3.7 (5.3.7) £8105 (Conducted susceotibilitv. antenna
port., cross nmodulation, 30 Hz to 20 GHz).

DISCUSSION: The intent of this requirement is to control
the response of antenna-connected receiving subsystems to
nmodul ation being transferred from an out-of-band signal to an in-
band signal . is effect results froma strong, out-of-band
S|gnal near the operating frequency of the receiver which
modul ates the gain in the front-end of the receiver and adds
anplitude varying information to the desired signal. The
requi renent shoul d be considered on[i for receivers, _
transceivers, anplifiers, and the like, which extract information
fromthe anplitude nodul ation of a carrier. Due to the wde
diversity of subsystem designs being devel oped, the applicability
of this type of requirenent and appropriate |limts need to be
determ ned for each procurement. Aso, requirenments need to be
3ﬁe0|f|ed_that are consistent with the signal processing
characteristics of the subsystem and the particular test
nmet hodol ogy to be used to verify the requirenent.

One approach for determning levels required for the out-of-
band signal can be determned from an analysis of the
el ectromagnetic environments present and characteristics of
receiving antennas. However, |evels calculated by this neans
wil2 often placeunreasonable design penalties ON the receiver.
For example, if an external environment of 200 volts/neter is.
i nposed on a system an isotropic antenna at 300 MHz w Il deliver
30 aBm to the receiver. This level represents a severe design
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requirement to many receivers. Aan alternative approach iIs to
simply specify levels which are within the state-of-the-art for
the particular receiver design.

This requirement is most applicable to fixed frequency,
tunable, superheterodyne receivers. Previous versions of this
standard required normal system performance with an out-of-band
signal to be 66 dB above the level required to obtain the
standard reference output for the receiver. The maximum level
for the signal was limited to 10 dBm. As an example,
conventional communication receivers commonly have sensitivities
on the order of -100 dBm. For this example, the 66 dB above
reference signal is at -34 dBm which iIs substantially below the
10 dBm maximum used in the past.

For other types of receivers, application of this
requirement is often less straightforward and care must be taken
to ensure that any applied requirements are properly specified.
Many receivers are designed to be interference or jam resistant
and this feature may make application of this requirement
difficult or inappropriate.

One complicating factor is that one of the out-of-band
signals typically is modulated with a waveform normally used by
the receiver. For receivers that process a very specific
modulation, the 1issue exists whether an out-of-band signal can
reasonably be expected to contain that modulation. Another
factor is that the out-of-band signal is normally specified to be
close to the receiver operating frequency. For receivers which
continuously change frequency (such as frequency agile or
frequency hopping), an appropriate relationship may be exist for
only short periods for a fixed frequency out-of-band signal.

50.3.8 (5.3.8) CS108 (Conducted susceptibility, structure
current, 60 Hz to 100 kHz)}.

DISCUSSION: This requirement is specialized and is intended
to be applied only for very sensitive equipment (1 MV or better)
such as tuned receivers operating over the frequency range of the
test. The basic concern of the requirement is to ensure that
equipment does not respond to magnetic Tields caused by currents
flowing iIn platform structure and through EUT housing materials.
The magnetic fields are sufficiently low that there i1s no concern
with most circuitry.

An estimate can be made of induced voltages that may result
from the required CS102 currents. Magnetic fields act by
i nduci ng vocltages into |loop areas in acccrdance With Faraczv’s
iaw (V = -d¢/dt). For a constant nmagnetic field perpendicular to
a given loop area, Faraday's law reduces to V = -2nfBA where
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f

A

Frequency of Interest B = Magnetic Flux Density

Loop Area

Since Faraday's law indicates that these voltages are
proportional to frequency, the maxinum voltage fromthe Cs109
currents-will result at the 20 kHz knee of the curve for a given
| oop area. A drop of 20 dB/decade would result in a constant
voltage. Since the curve is dropping at only |O dB/ decade bel ow
20 kHz, the induced voltage will rise as frequency increases.
The sharp drop off above 20 kHz results in decreasing voltages
wi th increasing frequency.

If the 103 dBua current at 20 kHz specified in the _
requirenent is assumed to spread unlfornn¥ over a cross-sectiona
dimension of 10 cm the surface current en3|tg and the resulting
magnetic field intensity at the surface would be 1.41 _
anper es/ neter. In air.” this value corresponds to magnetic flux
density of (1.77) (207® Tesla. If it is further assuned that
this magnetic field is uniformover a circuit |oop area of
0. 001 {(sucth as 20 cmby 0.5 cm) within the enclosure,

Faraday's Law predicts an induced voltage of 222 wuv.

Simlar calculations at 400 Hz and 100 xHz yiel ds val ues of
31 uv and 8 uv, respectively.

It is apparent that design considerations such as proper
groundi ng techni ques, mnimzing of |oop areas, and commobn node
rejection concepts need to be inplenented to prevent potenti al
Problens with very sensitive circuits used in submarines such as

ow frequency tuned receivers. However, these levels are well
bel ow the sensitivity of typical circuits used in other
equi prent .

The limt is derived from operational problens due to
current conducted on equi pnent cabinets and |aboratory
measurenents of response characteristics of selected receivers.

No tailoring is reconmended.

50.3.9 (5.3.9) susceptibility,

injection, 10 kHz to 400

DI SCUSSION:  The requirenents are applicable to all _
el ectrical cables interfacing with the EUT enclosures. The basic
concept is to sinulate currents which will be devel oped on
platform cabling from el ectromagnetic fields generated by antenna
transm ssions both on and off the platform

An advantage of this type of requirenent is that

_ it provides
data which can be directly relate” to induced current |eve

s
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measured during platform-level evaluations. An increasingly
popular technique is to illuminate the platform with a low level,
relatlvel¥ unitorm field while monitoring induced levels on
cables. hen, either laboratory data can be reviewed or current
injection done at the platform with the measured currents scaled
to the full threat level. This same philosophy has been applied
to lightning and electromagnetic pulse testing.

_ Due to size constraints and available field patterns during
radiated susceptibility testing (such as RS103), 1t has long been
recognized that cabling cannot be proper¥% excited to simulate
platform effects at lower frequencies. e most notable example
of this situation iIs_experience with HF (2 - 30 MHz) radio
transmissions. HF fields have caused numerous problems in
platforms through cable coupling. However, equipment items rarely
exhibit problems in this frequency range during laboratory
testing.

The limits are primarily derived from testing on aircraft
which were not designed to have intentionally shielded volumes.
The basic structure is electrically conductive; however, there
was no attempt to ensure continuous electrical bonding between
structure _members or to_close all apertures. The shape of the
limit reflects the physics of the coupling with regard to
resonant_conditions, and the cable length with _respect to the
interfering freqqency wavelength. At Trequencies below
resonance, coupling is proportional to frequency (20 dB/decade
slope). Above resonance, coupled levels are cyclic with
frequency with a flat maximum value. The 10 dB/decade decrease
in the himit level at the upper frequency portion is based on
actual induced levels in the aircraft testing data base when
worst-case measurements for the various aircraft are plotted
together. From coupling theory for a specific cable, the
decrease would be expected to be cyclic with frequency with an
envelope slope of 40 dB/decade.

The basic relationship for the limit level iIn the resonance
(flat) portion of the curve is 1.5 milliamperes per volt/meter
which is derived from worst-case measurements on aircraft. For
example, 110 dBHA corresponds to 200 volts/meter. At resonance,
the effective shielding effectiveness of the aircraft can be
zero. Application of these results to other platforms is
reasonable.

The frequency coverage varies dependent on application. A
basic i1ssue is the required upper frequency. In some of the
applications, the requirement stops at 30 MHz. This frequency 1is
specified under the assumption that RS102 adequately provides any

required performance at higher frequencies. he requirenent is
continued to 200 MHz for aircraft applications primarily for
reasons of clearing aircraft as safe to fly. hese results are

|93
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used as the basis of comparison to induced levels measured during
system-level testing in the presence of external environments.

Possible tailoring by the Brocuring activity for contractual
documents is a curve amplitude based on the expected field

intensity for the installation and a breakpoint for the curve
based on the lowest resonance associated with the platform.
Tailoring of the frequency of application can be done based on
the operating frequencies of antenna-radiating equipment.
Tailoring should also include transmitters that are not part of
the platform. For equipment used in benign environments, the
requirement may not be necessary.

DISCUSSION: The requirements are applicable to all
electrical cables interfacing with EUT enclosures. The basic
concern is to protect equipment from fast rise and fall time
transients that may be present due to platform switching
operations and external transient environments such as lightning
and electromagnetic pulse. The requirement is intended to
replace 'chattering relay"” type requirements (RS06 iIn the
previous version of MIL-STD-461) commonly used in procurements of
equipment for aircraft applications In the past. The chattering
relay has been criticized as unscientific and non-repeatable.
The CS115 requirement has a defined waveform and a repeatable
coupling mechanism.

The 2 nanosecond rise time is consistent with rise times
possible for the waveforms created by inductive devices
interrupted by switching actions. The 30 nanosecond pulse width
standardizes the energy iIn individual pulses. In addition, it
separates the rising and falling portions of the pulse so that
each may act independently. Also, each portion may affect
different circuits. The 5 ampere amplitude (500 volts across
100 ohm Hloop i1mpedance calibration Tfixture) covers most induced
levels that have been observed during system-level testing of
aircraft to transient environments. The 30 Hz pulse rate is
specified to ensure that a sufficient number of pulses are
applied to provide confidence that the.equipment Wi ll not be
upset.

Many circuit iInterfaces are configured such that potential
upset is possible for only a small percentage of the total
equipment operating time. For example, a microprocessor may
sequentially poll various ports for input information. A
particular port may continuously update irformation between
polling intervals. If the transient occurs at the tinme the port
I's accessed, an upset condition may result. At other tines, no
ef fect may occur.
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Possible tailoring by the procuring activity for contractual
documents is lowering or raising the required amplitude based on
the expected transient environments in the platform. Another
option is to adjust the pulse width based on a particular
environment onboard a platform or for control of the energy
content of the pulse.

50.3.11 (5.3.11) 116 d susceptibility,damped
1 1 1 leads. 10 xBz to 100 MHz).

DI SCUSSI ON: The requirements are applicable to all
electrical cables interfacing with each EUT enclosure and also
individually on each power lead. The basic concept is to
simulate electrical current and voltage waveforms occurring in
platforms from excitation of natural resonances.

When a platform is exposed to an external environment such
as electromagnetic pulse or lightning, induced current and
voltage waveforms within the platform are frequently damped sine
waves or combinations of damped sine waves due to natural
resonances. Transients caused from switching actions within the
platform can also result in similar waveforms. Transient effects
from platform switching actions on a particular power lead can
cause a differential signal. Transients caused by external
environments or coupled effects within the platform will cause
common mode signals to be developed on cable interfaces. Both
switching and external environment effects are addressed by the
requirement.

A consideration for the requirement is whether momentary
upsets are allowable i1f the EUT 1is capable of self-recovery to
normal operation_ Some upsets may occur that are not even
noticed by an operator due to self-correcting mechanisms In the
equipment. There may be cases where longer term upset is
acceptable which may possibly require action by an operator to
reset the equipment. The EMITP should address any instances
where the contractor proposes that observable upsets be accepted.

A limited set of damped sine waves is specified to address a
sampling of the various ringing frequencies that may be present
in the platform. The additional resonant frequencies determined
during testing are to evaluate the EUT at points of development
of maximum current and voltage. An advantage of using a set of
damped sine waves i1s that different circuit types are evaluated
for various waveform attributes that may cause worst-case
effects. Some circuits may respond to peak amplitude while
others may respond to total energy or rate of rise.

The current limts are set at levels that cover nost induced
levels found in platforns during system-level testing to external
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transient environments. The level for aircraft also typically
allows for designs which do not -require the use of terminal
protection devices. These items are generally undesirable due to
concerns with hardness maintenance/hardness surveillance and the
ability to assess whether protection remains effective. The
lower frequency breakpoints are at worst-case platform resonant
frequencies below which the response will fall off at

20 dB/decade. .The upper frequency breakpoint is located where
the spectral content of the transient environments fall off.

Possible tailoring of the requirements by the procuring
activity in contractual documents Is adjustment of the curve
amplitude either higher or lower based on the degree of
protection provided in the area of the platform where the
equipment and interconnecting-cabling will be located. A caution
with this particular requirement based on past experiences 1is
that the platform designer should be required to share in the
burden of the hardening process by providing stress reduction
measures in the platform. The equipment should not be expected
to provide the total protection. Protection against transients
generated internal to the platform needs to remain a
consideration. Another potential tailoring area is adjusting the
lower frequency breakpoint to be more consistent with the lowest
resonance of a particular platform.

50.3.12 (5.3.12) RE101 (Radiated emissions, magnetic Tield,
30 HZ to 50 kHz) .

DI SCUSSI ON: This requirement is specialized and is intended
primarily to control magnetic fields for apﬁl | cati ons where
equipment is present iIn the installation which is potentially
sensitive to magnetic induction at lower frequencies. The most
common example Is a tuned receiver which operates within the

frequency range of the test.

RSIOI is a complimentary requirement imposed on equipment to
ensure compatibility with the anticipated magnetic Tfields. The
RSIOI limits have the same shape as the RE101 limits; however,
the RSIOI limits are 10 dB higher for Navy applications and 6 dB
higher for Army aircraft applications. These differences are
necessary to allow for variations in performance between
manufactured items and to account for the possibility that the
emissions from the EUT may couple into a larger physical area
than that evaluated under the RSI0Ol procedures in MIL-STD-462.

The Na RE101 limits were derived by taking into
account the allowable user equi pnent power |ine harnonic content
(CE101), applicable cable types, shieicing effectiveness of
typical equi pment cabinets, maxinum anticipated power consunption
of the user equipnent, magnetic field radiation from current

A-36



MIL-STD-4 61D
APPENDIX

carrying cables, case and cable coupling contributions, and
equipment circult sensitivity.

i Since the RE101 emissions of an EUT are usually related to
its power consumption, relaxations similar to_those for the Navy
CE101 requirement were considered as a possibility for this
standard. However, the many variables used to establish the _
RE101 limit makes any relaxations complex and a single limit is
necessary. _ The specified limit is based on_the maximum expected
magnetic field emissions from most well-designed EUTs. Limits
are specified at both 7 and 50 em distances to allow for
assessment of potential impacts in the actual installation.
There may be instances where physical separation from potentially
sensitive equipment is sufficient that a 50 cm control is
adequate.

_ Some of the considerations in the limit are described below.
Emissions at the lower frequencies are equipment related with
regard to power type (60 Hz or 400 Hz, single or polyphase), EUT
power load, and the shielding effectiveness of the enclosure.
Emissions at the upper frequencies, above 1020 Hz for 60 Hz
equipment and 12.8 kHz for 400 Hz equipment, are for the most
part the result of magnetic field emissions from cabling. The
type of cabling used iIn shipboard installations is driven by the
power type and load and intentional signal parameters to be
carried by the cables.

Note that the limit does not take into account magnetic
effects from equipment such as magnetic launchers, magnetic guns
and the like.

An estimate can be made of the types of induced levels which
will result in circuitry from the limits. Magnetic fields act by
inducing voltages iInto loop areas in accordance with Faraday®s
law (Vv = -dé¢/dt). For a uniform magnetic field perpendicular to
the loop area, the induced voltage from Faraday®s law reduces to
v = -2nfBA.

f = Frequency of Interest B = Magnetic Flux Density
A = Loop Area

The Army aircraft RE101 limit is based on preventing
induction of more than 2.5 millivolts (6 millivolts for RS101) in
a 12.7 centimeter (5 inch) diameter loop. Since magnetic
induction is proportional to frequency and the limit falls off at
20 dB/decade, the induced voltage in a given |oop area is

constant . Since the Army limit is greater than cr equal to the
Navy limit at ail frequencies, this induced levei represents the
worst-case. The primary concerns are potential effects to

B=-37



MIL-STD-461D
APPENDI X

engine, flight and weapon turret control systems and sensors
which have sensitivities in the millivolt range.

The RE101 limits in this version of the standard are
substantially relaxed from previous versions of the standard.
.Previous limits typically resulted in tens of microvolts being
induced_in loop areas. As noted above the present limits can
result in a few millivolts worst-case. For many types of
applications, this type ofcontrol has not been considered
necessary in the past and has not been applied. Platform
problems” have not been observed in these situations.

There are certain limited applications in the Air Force
where an RE101 requirenment needs to be considered. These _
applications are primarily when a subsystemw || be installed in
an aircraft_in close proximty to an antenna connected to a
VLE/LF receiver. An approprnate limit needs to be chosen based
upon di stances between the equi pmrent and the antenna.

. For Arny applications, possible tailoring is increasing the
imt for single-use equipnent that will be |ocated a sufficient
I stance from any potentially susceptible systens or waiving of
he requirenent.

50.3.13 (5.3.13) RE102 (Radiated emi ssions, electric field,
10 xHz to 18 GHz) .

_ DISCUSSION:  The requirenents are applicable to electric
field emssions fromthe BUT and associ ated cables. The basic
intent of the requirement is to protect sensitive receivers from
interference coupled through the antennas associated with the
receiver. Nhny tuned recelivers have sensitivities on the order
of one mcrovolt and are connected to an intentional aperture
(the antenna) which are constructed forefficient reception of
energy in the operating range of the receiver. The potential for
degradation requires relatively stringent requirenents to prevent
pl at f orm probl ens.

There is no inplied relationship between this requirenent
and RS103 which addresses radi ated susceptibility to electric
fields. Attenpts have been made quite frequently in the past to
conpare electric field radiated em ssion and susceptibility type
requirenents as a justification for deviations and waivers.
Wil e RE102 is concerned with potential effects with antenna-
connected receivers, RS103 sinulates fields resulting from
antenna-connected transmtters.

I
d
t

_ often, the sane equipnent itemwl| be involved In

i nfluenci ng botn requirements. &30 watt VHF-AM radi o witnh a
typi cal blade antenna operating at 150 MHz can easily detect a
40 dBuv/m electric field (approximately -81 dBm developed at
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receiver input) while in the receive mode. When this same piece
of equipment transmits at the same 150 MHz frequency, it will
produce a field of approximately 150 dBpuv/m (32 volts/meter) at a
1 meter distance. The two field levels are 110 dB apart.

The limit curves are based on experience with platform-level
problems with antenna-connected receivers and the amount of
shielding typically between antennas and equipment and associated
wiring.

The Air Force and Navy limit curve for equipment in internal
installations is placed for an aircraft that is not designed to
have intentionally shielded volumes which are effective across
the frequency range of the test. Some minimal shielding is
present. The curve for equipment in external installations is
10 dB more stringent because even this minimal shielding is not

available.

The Ailr Force and Navy limit for internal equipment for the
30 to 400 MHz band, in particular, has been validated as being
properly placed. Army investigations with aircraft have also
shown the validity of the Army limit. It has become standard
practice on some aircraft programs to use spectral analysis
equipment wired to aircraft antennas to assess degradation due to
radiated emissions from onboard equipment. Many problems due to
out-of-limit conditions iIn this band have been demonstrated. It
has also been determined that equipment meeting the limit
generally do not cause problems. Most of this experience is on
fighter size aircraft. The 20 dB/decade increase in the limit
above 100 MHz is due to the aperture size of a tuned antenna
(GA?/ (4m)) decreasing with frequency. The coupled power level
from an isotropic tuned antenna will remain constant. The curve
breaks at 100 MHz because of difficulty with maintaining a tuned
antenna due to increasing physical size and the lower [likelihood
of coupling to the antenna with longer wavelengths.

No Air Force and Navy limit is specified below 2 MHz.
There are antennas on some aircraft that operate below 2 MHz;
however, these antennas are usually magnetic loops which have an
electrostatic shield. These antennas have very short electrical
lengths with respect to the wavelength of frequencies below 2 MHz
and any electric field coupling will be inefficient. With the
exception of Army aircraft, there is no known history of coupling
. problems to these antennas or to cabling despite substantial
above limit conditions with respect to past MIL-STD-461
requirements. The Army has had problems with low frequency
automatic direction findia%_recm vers primarily attributed to
their use of helicopters ich are physically small and have many
| arger apertures. The inefficient coupling to cabling at |ower
frequenci es has been denmonstrated innunerable times in MIL-STD-
462 testing.
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The limits for Navy mobile and all Army ground equipment are
the same. Also, the limits for Navy fixed and all Air Force
ground equipment are 1identical. The 20 dB_difference between the
limits exists because of the general situations where the
equipment IS deployed. The Navy mobile is primarily oriented
toward the Marines which operate in a fashion similar to the
Army. Equipment is often very close to unprotected antennas such
as installations in jeeps or tents or near physically small
helicopter aircraft. The Navy fixed and most Air Force
installations have less critical coupling situations with regard

to antenna coupling.

The limit for ships is based on numerous documented
incidents of case and cable radiation coupling to receiver
antennas. The use Of hand-held type transceivers below deck
within a ship is increasing and can be plagued by excessive
levels of interference below deck. The limit is more stringent
than corresponding electric field radiation emissions
requirements contained in military-related international
agreements and standards such as those used by NATO.

Another issue is that there have been substantial conflicts
between allowed radiated levels implied by the power quality
limits of MIL-STD-704 and previous MIL-STD-461 requirements. For
example, MIL-STD-704 allows approximately 0.63 volt RMS on
115 volt, 400 Hz, AC power busses at 15 kHz. Based on laboratory
testing, this level will radiate at approximately 76 dBuv/m.
This level is 31 4B above the previous MIL-STD-461 limit for
aircraft equipment. It is interesting to note that if the rod
antenna in the MIL-STD-462 setup were usable down to 400 Hz, an
approximate 1 volt/meter level would be indicated because of the
power source waveform.

Possible tailoring by the procuring activity for contractual
documents is as follows. The limits could be adjusted based on
the types of antenna-connected equipment on the platform and the
degree of shielding present between the equipment, associated
cabling, and the antennas. For example, substantial relaxations
of the limit may be possible for equipment and associated cabling
located totally within a shielded volume with known shielding
characteristics. It may be desirable to tailor the frequency
coverage of the limit to include only frequency bands where
antenna-connected receilvers are present. Some caution needs to
be exercised iIn this regard since there is always the chance the
equipment will be added in the future. For example, it is not
uncommon to add communications equipment (such as HF radio)
onboard an aircraft as different missions evolve.

Based on the above discussion concerning MIL-STD-704,
relaxing of HE102 limits for aircraft should be considered at
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| ower frequencies for power generation equipnent to avoid
conflicts between the two sets of requirenents.

50.3.14 (5.3.14) RE103 (Radiated em ssions, antenna spurious
and harnoni c out puts. kHz t 0O GHz) .

DISCUSSIONS: The requirenents are essentially identica
with CE106 for transmitters in the transmt mode. ~ There are no
requirenments for receivers or transmtters in the standby node.
Mbst of the discussion under CE106 al so applies to RE103. A
distinction between the requirenents is that RE103 testing in
M L-STD-462 includes effects due to antenna characteristics. The
test itself is considerably nore difficult.

50. 3. 15 (5.3.15) RSI D (Radi at ed susceptibility, magnetic
fields, 30 HZ to 50 kHz).

~ DISCUSSI O\ This requirenent is specialized and intended
primarily to ensure that performance of equipnent potentially
sensitive to | ow frequency magnetic fields is not degraded.
RE101 is a conplinmentary requirenent governing the radiated
magnetic field em ssions from equi prent and subsystems.  The
RE101 discussion is also applicable to this requirenent.

The RSIA limts have the same shape as the RE101 [imts;
however, the RSIA |imts are 10 aB higher for Navy applications
and 6 dB for Arny aircraft applications. These differences are
necessary to allow for variations in performnce between
manufactured items and to account for the possibility that the
em ssions fromthe EUT may couple into a |arger physical area
than that evaluated under the RSIA procedures in L- STD- 462.

_ The Navy limts are based on the maxi mum expected magnetic
field em ssions from equi pnent and subsystens, including
i nterconnecting cabling. The Arny limts are based on
5 mllivolts (rndependent of frequency) being induced in a
12.7 centimeter (5 inch) dianeter |oop.

_ 50.3.16 (5.3.16) RS103 (Radi ated susceptibility, electric
field, 10 kHz to 40 GHz).

DI SCUSSION: . The requirements are applicable to both the EUT
encl osures and EUT associated cabling. The basic concern is to
ensure that equi pment wl| oPerate W t hout degradat|on in the
presence of electromagnetic fields generated by antenna
transm ssions both onboard and external to the platform

There is no inplied relationship between this regquirement
and RE10z. The RE102 iimt is placed primarily to protect
ant enna- connected receivers while Rrs103 sinmulates fields
resulting from antenna transm ssions.
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The limts specified for different platforns are sinply
based on |evels expected to be encountered during the service
life of the equipment. They do not necessarily represent the
wor st - case environnment to which the equi pment ‘'may be exposed. RF
environnents can be highly variable, particularly for emtters
not |ocated on the platform The limts are placed at |evels
whi ch are considered to be adequate to cover nost situations.

~ An exanpl e which denonstrates the variability of _
environments for ground installations and the need for effective
tailoring of requirenents is the installation of equipnment in a
large ground-based radar facility. Some of these facilities
transmit power levels over one megawatt and the back | obes from
the antennas can be substantial. Sujtable design levels for
equi pnent which will be used in the facility or "nearby need to be

| nposed.

For aircraft and ships, different linits are specified
dependi ng on whether the equipnent receives protection from
platformstructure. This distinction is not nmade for Arny ground
systenms, such as tanks, because the sane equi pnment used inside a
structure is often used in other applications where protection is

not avail abl e.

The 200 volt/neter requirement for Arny aircraft regardless
of the location or criticality of the equipnent is based on the
use of Arny aircraft. Portions of the external environnent
accepted for nost of the Arny's aircraft is higher than
200 volts/meter. Arny aircraft, especiaIIY rotary mﬁng, have
flight profiles which are al nost exclusively nap-of-thé-earth
(NOE) . The NCE profiles allow for nuch closer, and |onger
duration, encounters with high power enmitters. This approach is
simlar to the FAA approach which reconmends t hat Visugl FI'i ght
Rul es (VFR) helicopters be qualified to | evels higher than fixed

wing aircraft.

_ Grcularly polarized fields are not allowed due to problens
with using the spiral conical antennas specified in previous
versions of ML-STD-462. Circularly polarized fields were
conveni ent since they avoided the need to rotate a linearly
pol arized antenna to obtain both polarizations of the radiated
field. However, problens existed with this antenna. At sone
frequencies, the antenna pattern of the conical log spiral is not
centered on the antenna axis. Asg, the circular polarization of
the conical log spiral creates confusion in its proper
application. The EUT and associ at ed cabllng_can be expected to
respond nore readily to I|near[% polarized fields. |f secon
spiral conical were used to calibrate the field radlateJifrom the
first spiral conical antenna, it would indicate an electric field
3 dB higher than a linearly polarized antenna. The question
ari ses whether a 3 dB higher field should be used for a spiral
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conical transmt antenna to obtain response characteristics
simlar to a linearly polarized field. Simlarly, if a spira
coni cal antenna were used to calibrate a linearl’y polarized
field, the indication would be 3 dB below the true electric field

strength.

Possible tailoring by the procuring activity for contractual
documents is to nodify the required levels and required frequency
ranges based on the emtters on and near a particular
installation. Actual field levels can be calculated from
characteristics of the emtters, distances between the enitters
and the equi pnent, and intervening shleldln%. MIL-HDBK-235
BfOVIdeS information on land, air, and sea based RF emtters,

oth hostile and friendly, which contribute to the overall

el ectromagnetic environnent. The possible use of the equi prent
in other i1nstallations and the potential addition or relocation
of RF emtters needs to be considered. Qher possible tailoring
is to change from the standard 1 kHz, square wave, nodul ation or
use additional nodul ati ons based on actual-platform environments.

50.3.17 (5.3.17) RS105 (Radiated susceptibility, transient,
electromaagnetic Ffield).

_ DISCUSSION:  This requirenent has limted applicability. It
is primarily intended for equipnent |ocated outside platform
structure exposed to incident transient electromagnetic fields.

This requirenment is applicable only for EUT enclosures. he

el ectrical interface cabling should be protected in shielding
conduit. Potential equipnment responses due to cable coupling are
control |l ed under CS116.
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conical transmit antenna to obtain response characteristics
similar to a linearly polarized field. Similarly, if a_spiral
conical antenna were used to calibrate a Iinear?/y polarized
field, the indication would be 3 dB below the true electric field

strength.

Possible tailoring by the procuring activity for contractual
documents is to modify the required levels and required frequency
ranges based on the emitters-on and near a particular
installation. Actual field levels can be calculated from
characteristics of the emitters, distances between the emitters
and the equipment, and intervening shielding. MIL-HDBK-235
provides information on land, air, and sea based RF emitters,
both hostile and friendly, which contribute to the overall
electromagnetic environment. The possible use of the equipment
in other installations and the potential addition or relocation
of RF emitters needs to be considered. Other possible tailoring
is to change from the standard 1 kHz, square wave, modulation or
use additional modulations based on actual platform environments.

50.3.17 (5.3.17) Rs105 (Radiated susceptibility, transient,

electromagnetic field).

DISCUSSION: This requirement has limited applicability. It
iIs primarily intended for equipment located outside platform
structure exposed to 1incident transient electromagnetic Tfields.
This requirement is applicable only for EUT enclosures. he
electrical interface cabling should be protected in shiel(-jrlng
conduit. Potential equipment responses due to cable coupling are
controlled under cCs11iseé.
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